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1. INTRODUCTION

During the months of January, February, and March, 1980, the U. S.

Army Aviation Engineering Flight Activity (AEFA) conducted natural and

artificial icing tests in the vicinity of St. Paul, Minnesota. The natural

events involved exposure of a fully instrumented JUH-IH "Huey" Helicopter

to extended periods of flight in supercooled stratiform clouds. The arti-

ficial portion of the testing required the same aircraft to fly in the

cloud produced by the helicopter icing spray system (HISS) aboard a CH-47

"Chinook" Helicopter. The tanker cloud was sampled at various water flow

rates, ranges, humidities, and temperatures. During the test period, the

sampling helicopter was equipped with droplet sizing instrumentation pro-

vided by Meteorology Research, Inc. (MRI). A similar program was performed

during the winter of 1978-1979 (Anderson and Jahnsen, 1979)*, but nozzle

reconfiguration and other modifications to the HISS were necessary to

produce an artificial cloud that more closely resembled a natural one. The

new nozzles required a new HISS calibration effort.

This report describes the MRI instrumentation aboard the sampling air-

craft, the data reduction techniques employed, and a discussion of the re-

sults.

*Anderson, R. S., and L. J. Jahnsen, 1979: Bell Helicopter UH-lH Natural

Icing Test Flights. Data Volume MRI 79 DV-1679/1 prepared for Bell Heli-
copter, Contract No. F573 5229.
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2. INSTRUMENTATION AND CALIBRATION

The MRI instrumentation package was comprised of the following devices:

(1) PMS* axially scattering probe (ASSP-IO0)

(2) PMS Cloud Particle Spectrometer (OAP-20OX)

(3) PMS Precipitation Particle Spectrometer (OAP-200Y)

(4) MRI Buffer Memory System (BMS)

(5) Kennedy Fast Gap 800 bpi Tape Recorder

*Particle Measurement Systems, Inc.

One-second data from the ASSP and one of the optical array probes (OAP)

is input to the BMS and output to the Kennedy recorder in 32 one-second

groups. The BMS has additional capabilities that allowed analog input on

11 channels to be recorded. Three channels of the analog input were dedi-

cated to liquid water content (LWC) devices. These instruments were the

Rosemount, the Leigh MKIO, and the Leigh MK12. Operator error resulted

in loss of Rosemount LWC data for all but the last flight. The remaining

analog channels received input from a variety of aircraft state devices.

These parameters included indicated air speed, collective stick position,

torque, fuel flow, altitude, and outside air temperature.

The cloud droplet instrumentation were fixed to the aircraft on two

specially fabricated pylons. One pylon was designed to accommodate the

ASSP-1O0 and the other to accept one OAP spectrometer. The two OAP spec-

trometers were dimensionally identical and could be interchanged as desired

to accomplish specific goals.

ASSP-100

This device employs a light-scattering technique as is shown sche-

matically in Figure 2-1. A highly collimated laser beam projects across a

sample tube located on the outboard end of the instrument boom. Photo

detectors measure the intensity of the light scattered out of the beam by

3
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the cloud droplets as they pass through the sample area. For droplets in

the size range measured by the ASSP-1O0 (3 to 45 Mm), the scattered light

intensity varies smoothly with droplet size as shown in Figure 2-2. The

electronics and recording equipment register the observed number of drop-

lets in each of fifteen size categories. The sample is normally one second

in duration.

During the course of the test program, a noise problem became apparent

in the ASSP measurement system. The cause, effect, and solution to this

problem will be discussed later in this report.

Optical Array Spectrometers

The other two instruments in the MRI droplet measurement package were

of the optical array type. A schematic representation of these devices is

given in Figure 2-3.

A collimated laser beam is projected normal to the air flow (using

mirror system) and is focused on a photo diode array. A droplet entering

the light beam casts a shadow over part of the diode array, causing the

recording system to register a count. The size of the droplet is deter-

mined from the number of elements in the diode array which are shadowed.

The cloud particle spectrometer and precipitation particle spectrom-

eter function in this manner. The devices, while physically similar, con-

tain different optics and, therefore, measure particles over different

size ranges.

The characteristics of the three droplet sizing probes is summarized

in Table 2-1.

5
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Table 2-1

DROPLET SIZING PROBE CHARACTERISTICS

Droplet Size Interval

(Diameter, urm) No. of Size Classes

ASSP-1O0 3-45 15

OAP-20OX 35-300 15

OAP-200Y 140-2100 15

Calibration Summary

The calibration of the ASSP, OAP-20OX, and OAP-200Y was accomplished in

three phases: (1) the initial calibration at MRI to check the measurement

setting, (2) multiple field verification checks, and (3) the final calibra-

tion at MRI. Figure 2-2 is the reference voltage and size interval curve

for the ASSP with three-micron intervals. The curve is used with glass

bead measurements to ensure the proper output from the photo detector. The

results of the calibrations are included as calibration reports on the fol-

lowing pages.

The calibration values were checked by using a single size of beads for

each probe periodically while in the field. The probes were also checked

for end element voltage to insure alignment. The calibrations were reviewed

and checked on returning of the probes to MRI to ensure data accuracy. The

results of these checks indicated the calibrations remained the same during

the flight test program.

Calibration of the LWC devices and the other analog instruments meas-

ured by MRI are presented in Table 2-2.
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Table 2-2

CALIBRATION VALUES FOR ANALOG CHANNELS

1. Altitude Calibration

Altitude
(ft Voltage

0 0.06
1,000 0.55
2,000 1.04
3,000 1.53
4,000 1.96

5,000 2.39
6,000 2.81
7,000 3.21
8,000 3.60
9,000 3.97

10,000 4.34
11,000 4.69
12,000 5.03

2. Fuel Flow Calibration

Fuel Flow
(gal hr-1) Voltage

0 0.071
37.32 0.809
81.23 1.717
124.05 2.605
192.38 4.036
240.00 5.040

3. Indicated Air Speed Calibration

Air Speed
(kts) Voltage

0 0.073
20.0 0.170

40.0 0.460
60.0 0.960
80.0 1.660
100.0 2.560
120.0 3.690
140.0 5.050

18



Table 2-2 (Continued)

CALIBRATION VALUES FOR ANALOG CHANNELS

4. Leigh MKIO Calibration

Liquid Water Content
1g M-3r Voltage

O 0

1.0 2.5
2.0 5.0

5. Rosemount Calibration

Liquid Water Content
(g m-3 ) Voltage

0 0

1.0 5.016

6. Temperature Calibration

Temperature
(°C0 Voltage

-30 0
0 1.75

+30 3.50

7. Torque Calibration

Torque

(psi) Voltage

0 0.057
10 0.818
20 1.653
30 2.497
40 3.347

50 4.201
60 5.050

8. Integrating Rate Unit Calibration

Counts Voltage

0 0
999 5.0

19



Table 2-2 (Continued)

CALIBRATION VALUES FOR ANALOG CHANNELS

9. Collective Stick Calibration

Arc Inches Voltage

0 0
4.51 2.168
10.66 5.026

Calibration of Water Flow Meter

After the field program was completed, a recalibration of the water

flow meter on-board the HISS was performed. This recalibration revealed

that the actual water flow was slightly less than that indicated on the

gauge during testing. The water flow rates referenced in this report

are indicated flows which are related to actual flows as given below:

Indicated (gal min -1) Actual (gal min " )

4.80 4.10
6.75 6.10
8.70 7.90
10.80 9.90
12.90 11.65
14.85 14.00
19.90 18.40

20



3. DATA REDUCTION

The objective of this report is to provide droplet data which charac-

terized the helicopter icing spray system (HISS) plume as it existed in the

1980 field season. Based on the data obtained during 1979, the most useful

information concerning the HISS plume characteristics can be learned from

vertical and horizontal surveys made under a variety of conditions with

additional data on LWC variability obtained by holding in the center of the

cloud.

Certain characteristics of the plume and operational restrictions re-

sulted in a data set which required careful analysis to extract information

which, as near as possible, represented the cloud penetrated by the HISS.

Due to the limited number of survey missions for which data were

available and due tc the careful data treatment required, a "hand" reduc-

tion was undertaken. This procedure involved reviewing the one-second

droplet data obtained during the surveys.

It was found at the outset that vertical profiles provided the best

characterization of the physical plume, but that steady state points pro-

vided the most reproducible LWC information.

Droplet size and LWC are dependent upon vertical position in the

HISS plume. This dependency, and the absence of adequate vertical posi-

tion information, made analysis of survey data difficult.

It was decided to plot all the data for each flow rate for each

vertical sweep into a drop size distribution and LWC profile plot. A

curve of best fit through these points represents the vertical and hori-

zontal cross section information.

21



The steady state data were examined and a most representative one-

second point was selected for each HISS flow rate and standoff distance.

The selected one-second points compare remarkably well with both 16-second

and 32-second averages for each exposure and could have been used inter-

changeably with those average values.

To convert the droplet count data to estimates of concentration, a

series of processing steps are made. These are explained below for each

of the droplet probes.

ASSP-100

The small droplet probe operated on a light-scattering principle

as described in Section 2. The cross sectional area of the laser beam is

given as the sample area. The sample area times the true air speed yields

the sample volume, usually expressed in cubic meters. The number of droplets

counted in each channel is divided by the sample volume to give a droplet

count per cubic meter. The mass per droplet multiplied by the droplet

count will give the LWC for each channel. The sum of all 15 channels will

yield the LWC measured over the total probe measurement range. An example

of the process is given below:

Assume a sample area (measured and given by the manufacturer
during probe calibration) of 0.332 mm2 and a true air speed
of 46.4 m s-1 (90 kts); the sample volume (Vs) is given as:

Vs = sample area x true air speed x sample period (3-1)

= 0.332 mm2 x 46.4 m s-1 x I sec

= 1.54 x l0-5 m
3

22



then given 30 counts in the 21 gm channel yields;

# m-3  = 30/1.54 x 10- 5 m3  (3-2)

= 19t x 106 21 pm drops in a cubic meter

the mass of a 21 pi, diameter drop can be calculated as:

volume = 4/3 7r 2 m) (3-3)

= 4.85 x 10- 9 cm-3

but for water, 1 cnr3 p 1 gram so the mass is given as
4.85 x 19- 9 g

the liquid water content of the 21 pm channel can be expressed as

LWC 21  = 1.94 x 106 m-3 x 4.85 x 10 - 9 g (3-4)

= 0.009 g m-3

Optical Array Spectrometers (Data Reduction)

Droplets larger than 45 microns were measured with optical array

spectrometers (either the cloud particle spectrometer or precipitation

particle spectrometer). These devices generate count data for 15 drop

size classes which can be converted to estimates of the actual drop con-

centrations.

The form of the conversion equation is similar to that of the ASSP,

however, for optical array probes, sample area varies with channel number

as

Ai  = D x (K - i) x L (3-5)

where
AD nominal channel width (drop size interval)

and
L = 6.1 cm
K = N-1

where
N = number of sensitive elements in the photodiode array

23



Sample areas used in the analysis of cloud probe data require a cor-

rection for depth of field. This correction applies to size classes one

through seven and has the following form:

A A x( 2 (3-6)
1-7 8

where
Ai is calculated as in Equation (3-5)

A summary of sampling characteristics of the droplet probes is pre-

sented in Table 3-1.

The data reduction scheme described yields droplet concentration

estimates for the various drop sizes measured by the probes. This is

the basic parameter describing the drop size distribution, and the param-

et..r which can be used to calculate such things as particle concentration,

mean particle size, liquid water content, median volume diameter, etc.

The measured droplet concentrations are presented in a series of

figures in the next section. Logarithmic scales are used for both Lv--

centration and drop diameters since each varies over several orders of

magnitude.

For each number distribution figure, a mass distribution is included.

Mass distribution is simply droplet concentration weighed by the mass of

a droplet of the appropriate size,

3
= ! Di x density of water

6

then
Mi - Pi x mi

where
Mi - quantity plotted in Section 4

Pi - droplet concentration as given In Section 4

mi  mass of droplet of size observed in Channel I
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An inventory of all data tapes recorded is given in Tab!t 3-2, and the

chronology of the field program is given in Table 3-3.

Evaluation of Noise Problem

Early in the field program, constant counts in Channel I of the ASSP

were detected. The counts were near 1900 per second. While the source

was unknown, the number was considered insignificant since the LWC contained

in Channel 1 is very small. For example, the maximum number of counts

possible in the first channel is 9999 and, at 90 knots true airspeed, that

amounts to a maximum of 0.009 g m-3 LWC. As the program progesssed, a

factor of two in LWC became apparent in the HISS Measurements. While the

factor was cause for concern, recalibration of the ASSP revealed no appar-

ent probe problems. Since the ASSP and the other LWC devices have

historically not compared behind the HISS and since the vertical varia-

tion of LWC was large, it was concluded that possibly the LWC measurement

might be reasonable. However, when the factor of two was evident in nat-

ural icing events, real alarm prevailed since the other LWC instruments

and the ASSP are in close agreement under those conditions. After two

recalibrations in the field indicated no apparent problem, the probe was

hand-carried to the manufacturer for complete checkout. The manufacturer

could detect no hardware problem with the instrument, but mentioned that

the noise in Channel 1 could be enough to disable the velocity rejection

circuitry. The velocity rejection feature of the probe eliminates those

droplets which pass through the fringe areas of the sampling beam and are

thus not sized correctly. This is done by computing an average beam

transit time (electronically, a pulse width) for the particles and reject-

ing all particles with transit times shorter than the average. Nominally,

this value is near 50 percent for the sampling techniques and airspeed in

this program. When noise Is introduced, it is interpreted as an immense

number of particles with very short transit times. The average particle

transit time becomes severely biased toward the short end and thus all

real particles, whether in the fringe area or not, are larger than the

average and accepted. On the premise that the noise was the problem, a

search for the cause was started. No clear-cut source was found, but the
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data cable to the probe and electronics box was replaced. The noise

vanished in ground testing after cable replacement but soon returned in-

flight and in successive flights. It was then determined that complete

change of instruments was necessary. A new ASSP and electronics box was

installed and the noise problem was eliminated. To recover the data ob-

tained with the previous probe, a series of tests was performed on the

aircraft while under its own power. The results of this test are given

in Table 3-4. The testing showed the problem was unique to 400 Hz air-

craft power and the old ASSP-electronics system. Furthermore, the 400 Hz

was reproduced in the laboratory and shown to disable the velocity rejec-

tion.

The procedure to recover the old ASSP data was straightforwrd. The

flights where that sampling system was flown were examined for noise. The

analysis revealed a constant noise value of 1900 *10 percent for all

flights except those when the cable was changed (#19, #20). For those

flights where constant noise was observed, the velocity rejection was

simulated numerically by reducing the counts per channel by one-half.

In addition, 1900 counts were subtracted from Channel I. The LWC ob-

tained from this procedure compares favorably with calculated LWC for this

HISS and with the other LWC devices in natural icing encounters. The noise

problem had no effect on MVD calculation. Further laboratory testing is

being undertaken to establish a hardware fix to the system so the probe

may be returned to service.
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4. DISCUSSION

This section presents the results of analysis of the data collected

during the field program. There are five parts to the discussion: a

physical description of the HISS cloud, the effects of changing water

flow rates, the humidity effects on droplet distributions, the range or

standoff effects; and the comparison of these data with the 1978-1979

program results. However, before those items are discussed, a few gen-

eral comments on the artificial cloud environment and measurement tech-

niques should be mentioned.

First, in a natural cloud, the median volumetric diameter (MVD) is

a good indicator of the central point in the distribution about which

most of the mass is clustered. In an artificial cloud, the MVD can be

misleading without some measure of the mass dispersion. Mass can extend

in droplets as large as 220 mm, but be compensated by droplets in the

small end of the spectrum, yielding a reasonable MVD. Fortunately, in

the present HISS cloud, at nominal water flows, most of the mass is

confined in a fairly narrow band between 15 and 45pm. However, some

mass is present at the larger droplet ranges and must be considered when

examining ice buildup and component performance.

Second, natural cloud distributions can be represented as smooth

curves in both droplet concentration and mass concentration plots; this

is not the case for artificially produced clouds. Even the best per-

forming nozzles have preferred droplet sizes in multiple areas of their

distributions. These "humps" in an otherwise smooth distribution curve

become greatly exaggerated when the nozzles "break down" (that is, when

they are operated outside the recommended performance envelope). Typi-

cally, this occurs when the water pressure (flow rate) exceeds the air

pressure and the nozzles begin to sputter. Frequently, this sputter or

breakdown is evident as a change in droplet size distribution well before

it is visible, if ever, to the eye.
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Finally, the accuracy of the LWC measurement using the laser probes

must be addressed. The probes are designed as droplet sizing instruments,

not LWC devices. In the ASSP, the droplets are sized in 15 channels of

3pm bandwidth. For example, the counts in Channel 7 (21 Mm), represent

droplets between 19.5 and 22.5 pm. This range is not a significant

difference in size, but the range can be significant in LWC. The LWC

contained in each channel is the product of the number of droplets coun-

ted and the mass of the droplet at the channel midpoint (in this example,

21 pm). For illustration, assume a droplet count of 0.167 x 108 # m-3 :

for 21 pm droplets, this yields 0.08 g -3 liquid water; for 22.5 pm drop-

lets (the upper limit of the size bin), the LWC is 0.10 g m 3. This is

a difference of 25 percent in Channel 7 alone and arises from the fact

that, while size change is linear, volume increases as the cube of the

radius. Of course, while 25 percent overestimation in LWC is entirely

possible, the droplets might easily have been 19.5 instead of 21 Mm,

and an underestimation would result. The point is that a variation of

10 to 20 percent in LWC is a reasonable figure.

Physical Cloud Description

Early in the data analysis effort, it became clear that both MVD

and LWC varied significantly in the vertical across the HISS plume.

These effects greatly complicated efforts to determine "mean" drop size

distributions for thevertical plume surveys.

To illustrate the variation of droplet size, a diagram of MVD vs

vertical position in the HISS Plume is presented in Figure 4-1. This

figure is constructed from the second-by-second data for a series of

vertical sweeps of the HISS plume.

Figure 4-1 illustrates that droplet size increases from near 30

microns at the top of the visible plume to more than 50 microns at the

bottom. This "size sorting" effect is consistent with the buoyant effects
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observed for small drops. The increase in MVD is not due to an increased

number of larger droplets at the bottom but rather to the absence of smaller

ones. The increase of MVD at the bottom of the cloud occurs at extremely

low LWC and should be no reason for concern. As is obvious from Figure 4-1,

the current HISS cloud represents a vast improvement over the 1978-1979

cloud in MVD in all areas of the plume.

The variability of LWC observed in vertical sweeps of the HISS plume

is illustrated in Figure 4-2. The three vertical profiles presented in

this figure show a core of high LWC slightly below center bounded above

and below by regions with lower LWC. Figures 4-3 through 4-5 illustrate

how well the LWC curve fits the observed data. The consistent below cen-

ter bulge at all water flow rates seems to indicate that the lower HISS

boom is expelling more water than the upper boom.

It is clear from Figure 4-2 that observations of plume LWC are sub-

ject to large effects for relatively small vertical displacements. Note

that a 1-foot displacement upward from cloud center at 5 gal min -1 could

result in a decrease in measured LWC from 0.4 g m-3 to less than 0.3 g m-3.

Also note that the constant cloud center measurement point apparently are

not at the point of peak, in-cloud LWC. Furthermore, neither the meas-

ured center point nor the peak point in LWC would be the LWC to charac-

terize the average cloud. In fact, the area under each curve represents

the total LWC contained in the cloud. Table 4-1 illustrates the average

cloud LWC and values above and below cloud center. The average cloud

LWC should compare with calculated LWC given an assumed cloud size and

water flow rate. Figure 4-6 shows the LWC variation in the cloud for

horizontal sampling sweeps. The curves show a steep "tailing" at the

cloud edges and relatively constant values in between. No MVD plot is

presented since no discernible change could be noted from side to side.
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Table 4-1

AVERAGE CLOUD LIQUID WATER CONTENT
ANO VALUES ABOVE AND BELOW CLOUD CENTER

Water Flow Rate Average Cloud LWC1  +2 ft LWC 2  -2 ft LWC3

(gal min -1) (g m-3 ) (g M-3 ) (g M-3)

5 0.29 0.20 0.53

10 0.46 0.25 0.65

15 0.63 0.35 0.90

!Assumes uniform distribution of water throughout the cloud
2LWC 2 feet above center cloud
3LWC 2 feet below center cloud

Flow Rate Effect

During most HISS sampling flights, a steady state point was measured

near the cloud center. The procedure was to hr the probes near the

center for about 30 to 120 seconds at each of the various water flow

rates. A plot of water flow rate versus measured LWC is given in Figure

4-7. The two solid lines represent the LWC expected if all the water

available at each flow rate was distributed uniformly throughout the

entire 8 ft x 32 ft and 8 ft x 36 ft cloud areas. Most points lie

slightly above and parallel to the 8 ft x 32 ft line. The measured

LWC is expected to be greater throughout both areas than the expected

average LWC since the LWC in center cloud is greater than the average

LWC due to the variation of LWC in the vertical. The scatter of most

points is *0.05 g m-3 which is remarkable considering they were measured

on different days under different conditions. The scatter becomes

greatly increased when water flows become greater than 20 gal min -1.
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Water pressure overcomes air pressure at flows greater than 20 gal min -1

and as the control on the nozzles breaks down, measured LWC values become

erratic and unreliable. Figures 4-8 and 4-9 show the effects of nozzle

breakdown in number and mass distribution. Nominally, an insignificant

amount (<0.05 g m-3 ) amount of mass was present in the precipitation

probe (droplets >140 pm) but, at the few high water flow rate points

tested, there did appear to be larger droplets. In Figure 4-7, Flight

#27 LWC appears much lower than the other flights. This might be due to

the fact that those points were sampled under gusty, high wind conditions

and either the cloud was larger (about 8 ft x 40 ft) or a stable cloud

center point might not have been achieved. Figures 4-10 through 4-13 show

droplet and mass concentrations for three different flow rates. In each

case, the number concentration and mass increases with increasing water

flow. The MVD also increases slightly with water flow from near 20 Pm at

5 gal min -1 to 28 pm at 20 gal min -1 .

Figures 4-14 and 4-15 present droplet concentration data on two occa-

sions with differing relative humidities. The selected points were made

at the same standoff range and LWC to minimize the effect of these vari-

ables.

The high and low relative humidity (RH) examples presented in Figures

4-14 and 4-15 have similar droplet concentrations in the 25 to 45 micron size

range. The low RH case, however, exhibits a much lower concentration of

small droplets (<20 microns). This feature is consistent with evaporative

effects but may include the effects of other variables such as air temperature.

The effect of standoff range is illustrated in Figure 4-16 and 4-17,

which present drop size distributions for 150 and 300 ft. No significant

range effect could be determined.
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Comparison with 1978-1979 HISS and Natural Clouds

Figures 4-18 and 4-19 show the marked improvement of the current HISS

over the past HISS configuration. Note the greatly increased number of

droplets in sizes less than 30 pm. In fact, the increase in number is

about two orders of magnitude. Also greatly reduced in number are drop-

lets larger than 45 pm in diameter. A one order of magnitude decrease in

number can be observed in those sizes. Both of the above changes result

in a significant shift of mass toward smaller droplet sizes. This re-

sults in the decrease in MVD from about 250 pm to approximately 30 Mm.

Natural

While the current HISS is much improved over previous versions when

compared to a natural cloud, two important differences can be observed.

Figures 4-20 and 4-21 compare the HISS to a natural cloud observed in the

1980 field program. First, there is still considerable mass at sizes

greater than 45 pm which is absent in a natural cloud. Second, a natural

cloud has both its mass and number concentration peaked steeply about the

MVD. While the HISS cloud peaks near the MVD, the peak is much broader

indicating the presence of both larger and smaller droplets. Figures

4-22 and 4-23 show the droplet concentration and mass distributions for

3 natural clouds sampled during the 1979-80 HISS program.
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APPENDIX A

HISS FLIGHTS

Flight #8
Flight #9
Flight #10
Flight #12
Flight #13
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KEY TO SPECTRAL REPORT FORMAT

Term Unit Comment

Date -- Month/Day/Year

Time Hours, Minutes, Seconds

Diameter microns Om) Midpoint of each channel

Number (M-3) # per m3  Normalized droplet count
in that channel

Number (M-3U-l) # per m3 per Normalized droplet count
micron um) per channel divided by

channel width (3 um for
ASSP, 20ym for CPS, and
14 0 ,um for PPS)

Mass (GM-3) grams per m3  LWC in each channel

Mass (GM-3U-I) grams per m3  LWC in each channel
per micron Om) divided by channel width

Percent % Percent of total LWC in each
channel

Cum Percent % Cumulative percent of total

LWC in each channel (50%
point is MVD)

ASSP LWC (GM-3) grams per m3  LWC in ASSP

CPS LWC (GM-3) grams per m3  LWC in CPS

ASSP Counts (CC-I) # per cc Total number of normalized
counts in ASSP

CPS Counts (LIT-I) # per liter Total number of normalized
counts in CPS

The spectral data are for stable, selected one-second points. These data
points were selected as representative of the average data for the HISS
conditions.
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HEIiCOPTER ICING; SPo- AN SVSIL" l[51 Hi k jtjm.2 310,

TAPE 0 MO
FLIG ,T 6 8
STAIJD-0P DISTAN~CE 151) )t~l

SA"APLf ll"E 111C:15

DI ~k IEW %O"WA'( A-3) .itR ( m-30 I IA455(r' -3) "Ass (0,' -31,-i I WEE1Ytj CUJl. PiwcI ~

1 11 1 bi-2 5 F -03 0. C.
*beOE,'E + '?1.,7 *?52E-f)2 huof c-03 n. 1

1 5 .26f +A7 h J2RL~ob *4j39 -1) *&F -0? 2.2.

21 .11 L*)47 . 37.E +ot .5391-02 *I sO -02 1 . 3.
2, *t+ 3SQL40t, . 780 -02? . toE 02 . S

27 .7 1QF * ob *?4flE +, .74J I0 *?7F-02 1 .
30 *9 15ktoo *3kJ)'10t, *12qf-ol .3 1 E-02 2. 1
33 7m Ot .2tI E *ob . I l4E - ()1 .4 92 n2 2. 10.

3040n +0,Ib 3E 406 .120-01 .*3991-02 2. 12.
39 *3

9
A #()b I.231E +ob .122t-01 *OI(,E -n? ?2. I u.

'42 J57E ob I25WE +f nt1771 -0 1 .~13I 02  3. 1 7.
4J5 *b5 E + (I, .21P1*01, .3 1 2 1 I (14E-0 1 5. 22.

0 10hE + 7 .530F*0 I .2k14 00 b600E-02 I29. a I .
60 64E+6 .23?r.05 *12 4f + o0 b~?2L-O2 20. 61.

10 f) ) q 1) 6 .k .M~1 .4 A *6 3 1-0 *O ' u2E- ()2 1 14. 75.
1 0 u'2sk. +05 .2 1 "4 ok j381. -0 1 .19?E -op 6. gi .

I a n ?l83E *b *L15E4nu 3sof -01 1q~F-02 3. A7.

280 *2t+ j .127E*03 .776L-02 . 389E-0 3 2. 91.
2no .274L+.0.4 .23E+O3 .1151s-01 S'73F-03 ?. Q3.
22 0 .00 0E. +00 ()0i0 n.00014p00O40 onfo 0. Q3.
2J u*(Ib?E .)4 0PA (612 117 *f 7-0 1 .sA3E -03 2.9.

2b( 00IL*0 1oof*o 000k~. *o .000fo 000 Q5.
2Q() ) t. +0 0 .0 QAL0 0 .0f0 0 .0 l t 0 0 0. 95.

S0o .2 22L+J,4 I.I22E1,0)3 .31'At-01 1S ?k -0 2 5. )0o.

ASP LCCG'4-1)z .23? CPS LAC(Gw-S)z .571

ASP CUuNS(CC-I)c 33. LPS COuINTSCL1J.)m 7

.62 (.WAIAS Ptw CifiC( METER ro 74?. MCkDNS WE ) 1AN V()L (ImE I IC I AWF If w

mtETFUftOLOfY RLE1A'kC, INC.
AIRCRAFT ICING S#JPPUiNI PJACPAGE



HEL1COPEk ICING SPaAY SvSlI-v TEST Ffl1 JLJH1IH 31t

?/2/40
TAPE 0 108
FLIGHT1 a 8

V ATEI. FLO.N wATF OF 25. rP"

OI'1Tr %i~L~M.3) fumE~wC"-30-1) MASS(G"-3) WASS(Gt 31-11) PfPON~T COYV PE&R(Ely

3 *.000)F t00 OO0FOF oOf +(00 00 0.*

b 's'l +k)-3 *179E+nA s5ot-o? *IQ7t-O? 1 .

1?p+A .IrE*O *409E-o1 I13Wr-0 1 a* e

15 *.7 t. 1 F* .11bf4O U I~- 0 *20ij F-0l b. e)

IE7 9QF4to7 *7 3?E- 6 *?sa j - 0i 7.1

S7 *1 tP *SbA E*0 7 RF2 7 f- 0 1 *7 r -01 A . 2b.

2. ')I-J3F467 .7L5-1 *?4 F -0 1 7. 33.

2? A e IE + 07 *e 7 3F#07 . 8a5E -0 1 *2s?F -fnl 8. d4 I.

so0o ~I f * 7 *20 1 t *0 7 *850F-01 .2AR3-01 F,.q

33 Q 3r,*, IItI *1 17 *91oE-01 *30 U -01 8. 57.

3 - 307[107 *O.')* 7 .75VE-01 *?5 Of- 0 7. bij.

39 7,1 nE n7 .10 3E 07 *9bUE-01 .32)F-01 Q . 73.

4 2 7 h L 1i? sAAL~or . 10 a E- 01 .2 At- 0 1 b6. b

u it 3 '4 7 *.ujeF~fie bh3QFnl *3f - I b. "5r,.

oi 4Q E + 0 t*O .2., * n 559f-PI *2 7 QF-2 5. 91.

AD .?fl9f +0(. .9qL.0a .s3bt-Ol .2bPE-02 S. 9t,.

1001 .cI4O' lo #s Obk#*)41 .'S0 *Ifl-02 2. 9 0

120 *709i 404 .35"f *G3 *#,UdF-02 *.21E-03 1 . Wk .

I Lin .5bst~4"a .277E+03 .79SE-0? .3981 03 1.qqj

leO *00ot4o, .0nOE.00 nO()F *00 .00014no 0. 414.

200 . 0 0 E *l)0 . U i) o + n .00C~0J *0 000r.0l A. 99.

220 Wf.nt #01) POIIE +00 *OOnFfl .0noo #no 0. 99.

2iun b?6E)4 pk18E+O? .*I 7E-01 .b51;-03 1 . 1 00.

2b0 O00+0(1 o0oo 0( .0001400 n00nf*00 0. too.

280 0i04f' .06oE0ov .000E~fln *000E400 0. 1(oo.

300 not*~0,) OvOF~.oP *000E+00 *000f400 0. 100t).

ASP Lo4L(Gm.3)- .'423 CPIS LIC ( G'-3 ) &. 14

ASP COUNdS(CC-1 )z eb CPS COUNTS(LIT-I)c 4

1.013 GRAMS PEPJ CokRIC 'ETER i, 32. MI~kOdS WFPIAN VOLOLLI1RIC DIAMETER

ME TEOWOLO(.Y RESEARCH. INC.
A14~CRAFT ICING SuPP'OR1 PAC'KA(it



HtL1COPTER ICING SPWAY SVSTEk* ILST PFOR JOH'M9 318

2/4/80
TAP. a l0g
FL1UjHT a 9
STA~js-OFF UISIANCt 20n FLET
.. ATLP FLU$% WAIE LF 20.* IM
SA'"PLE TIME 11 b:S

)I A'LTLI N.149E W ( l.3) I'JUMBER(M-3l1-.1 rASS(CGrA.3) M.ASS (G;"-30-1 )PfWCEIYl C'OM PF6kCF rNT

3 *0310IE nPOE0Ef0 .000Ec0 *f00 0 u. 0.
b . 7.4 At # 6 .3 QFO 4 $'Jbti-02 *2t42E -02 I. 1.

r *'721.flM *191t10b .218L-03 .728F-02 2. 3.
12 .4169 13'hE,0" .3b3t -0 1 .121-01 3

18 .1 5t94+ o, , *9FF n7 *'i7SF-01 .1594-03 '6. 13.
21 094t * () *310L+07 *tJE4180 1 *b1 -Ia '. 1#

*?i 5rE+U71 953 *07 .4423E-01 1.l'1 E- U1 4.21.
27 .434E#17 .114 5F #0? 7 *'Ju"F-n I .3I44F-0 1 4. 2s.
3n .3 10D1)7 .10 3F*0 7 . 4391.-0 I .lifE'-0 1 a4. 29.
33 *P4JrE#.07 A 1 7k +Ob .'beIF-0l .1 541-0 1 a . 33.
3 1 .222E+07 .74nE*0o . 54 3E -0 1 .81E-01 5. 38.
3Q .157E#U7 .523E+ob .41E~7-01 .b21-01 44. 462.
Q 2 .14()E +0 7 .4 t) E *0 # .54451.01 .1823-0 1 S. 407.
a 5 *Q sn E + 0f .3271,0e, .6AFR-01 I15(,f-n 1 14 . St.

bo .83AE#Ob ." lqt.0r .9447F -(i U4741-02 8. sq.
80 *'o0?t*vf .103f +05 .109E#00 .54,5f-02 9. 6Fk.

100 *212E.0b . 10 1 E*05 *1 0e +00 S 3nE -0? 9. 78.
120 bQ)E+305 . 344F + O .62SE-01 .3 13R-02 5. #13 .
114 n .3bnE+k05 *I FOE + 4l *%17F-01 .258f -02 44.#p
Ibfl .231*011 .I n7E +04 4158f -01 .22Q1-02 4.* Q2.
380 I I E. +us .572E,01 *3449f11 .751 -02 3. q5.
200 .82 134 E +o auIO+03 .34444-0 1 .172F -02 3. QA.
220 *29tE +04 . I Ai41+O 3 .3945E-01 .142t81-03 1 . 99*
2440 .1 b2t: 0 .PORE * 02 1.137t-ut1 .5651 -03 1 . I10n.
2b0 oo0E +o) n00t4n0 .00ok +00 .0001,00 0. 1nn.
?Ao .0 (0F.+00 nOOE*,00 .000E400 no00L#00 0. 100n.
3v0 .0001+01 .0001,+n0 .000t,00 .000f 400 0. 100.

ASP L.,C(GM4-3I: .584~ Cb LvC(Gm-3)z e94?a

ASP CU.J!TSICC-l): 244 1. CP'S CLIUNS(LIT-1): 5.

1 .15' G'9AVS PfR CI)IIC METER ivao 44 MICRONS ~I IAN VL6[IM IRIC DI A-At IE

ME1 TfJR6IL U(.y R4E Sk ACH . I fC .
AIR~CRAFT I(.1.r SUPP'W7 PACKAGl



I'kLICIIPTER ICI'%r; SPRAY SYS1EM TEST FL)W JIJM-tIN 3I~k

7APE. 0
FLIGHMT 2 9
STA'NI.0FF DISIA"NCL 100 FU.E
..ATHR FLOA PA7L (IF 20. GkIv
SA4f'Lf 111-IL. I1I Q: 0

U1AV 7ER NJEA W~3) tjUmOL R(m-31 '-I MASS(Gm.1) MASS(Gm- 311- 1 PE RCW T CUV PE9.CE'dT

. 1 *O)lE u 1) 000L.00 *o 0 E +o0 *00Of .oI0. 0.

q .9 .SIE.ue .170E+06 tq)5a~ ~1E-02 4?12 .3fW'E*0 IIE+Om .329E-ol *11OF-011s . 22(A 0 m *7b'IFC7 39t-() I33t-0 1 3. 7.1 A .I 7E UA .*52bSE #07 .s$1L-01 .10E -0I 1 4. 1 1

2a .6A1E.07 *226'E*7 *94 SIM. I .1SF -o 1 a. 19.
.10 . SbbL + 07 1 22E + (7 .5 17f -0 1 .172F-01 'I. 2b.33 .304L+07 .101F*07 .572E.-01 .19IL-0l 4. 31.stb .21t6E.07 . 7 1 CIE+of S%27E-ol .*I76E -o 1 4. 3a".3q .12 1 E + 7 .40'3E +ob .375F-01 .12SF-oi 3. 17.4? I 47E+07 u'QOE~ot) .570F-0i *lqof-nl 4.'?.

1*60 tsb~3E.+ob .331E,05 .750E-01 .375k-C2 b . 51.so . " 4 bE4 0 .223E+05 *1P0E+00 .598E-02' 9. 60.10') .222E+Oh *11.' 116E+00 .5m)P-02 9. 69.120) .11 7k+ ) o SbSE+04 .*OoE 4 h' .r,2 QL-O? a.77.1~j a *512k+OS *db6,+'A" .735t-ol *31s8E -02 6. m3 .lool *3"a'E'Ob .*I72E *ou .737t-01 .3bgt-02 b. At18f) .21'hE*i5 . I 08E. + (4 b9f-ol .330F-02 5. 93.200 .Q57toua* .479E~n3 *'JOit-01 .2011-02 3. qt,.?20 *29,E.04 I 'JA~E +n3 I 6SE-0 I .826f-03 1 . 97.
2bo . C0 DE +' 0 0 * 000Enr +O001n *OOOE400 0. QF .280 . 19AE+04 .QoiElf +n .227E-01l .I I E-0? 2. 100.SA .00')L+00 *000f.no *OOOE~oO .000E +0 0. loo.

AISP L.vC(G"-3)z *e60Q CPS 0IC(G'm-3)= .777

ASP cO~pirs(C-lim 224. CPS COUNTS(LIT.1)m 5.

1.33 GRAmS Ptk CImI1C METER @ 65. MICRONS MEV]AN Vt'lI iNFIjC N)AmHIFR

kI rEOIWOLO6, RSEAPEC., 114C.
AIRCRAFT ICING. SJPP'iRi PALKArE



HELICOPTER 1C1Nr, SPWhAY SYSTE- TFST FOR JUH-.1#i 311f

2/ 4/eo
TAPE a log
FLIGHT 0
SrAW~-0FF 015! ANLE 20o) FEti

SA'APLf T1IME 1112:13

DIA'ifTLR NUIILP(M3) r!.IJMER (M-3tl. I FAAS((, .- 3) MASS(Gx*P3(I-t) PERCftIT Cd%4 V.Ik[FN1

kn~f2E + 08 .l1L404 .'J27E-03 .11,2f-03 0. 0.

b *1UQL+1*4 *.94q')s *lb,9E.O *Sb2E -0? 2. 2

1.) U 4 oQ .3sht~L40 .400E01l .*I36t0 -nI. I .
bu? +6AA0S .214t4rnK .%Btf-Ql 1q4f'-ol ?. I1a.

15 .37i4t 40a .125z$t bb62t-o .221F-01 8. 22.

18 *3.t .7b4E44f? .70at.Ol .23SE-01 P.30.

21 *1b7F+09 .b5Sb 407 .901$E*01 Obq'E-ol 10. 40.

?a *827ftO7 .2)'tE.'? .5qerk-ol *1qEA 7.a?
27 *50bt+91 I tQ~E 4 0 *.22E -0 1 *lTuf-Al h 53.
so .350E*07 I I 7117 U4t-oj .65f 0 1 6v.sq

is .?35E#07 I iia E 4, b *3EU-01 *lMA E- ) 1 bta.

30 I7bE +07 *SAg 4Ot *ta31E.-O .1 atI-o1 5. 70.

a? . AQ1t 4 ? 2+, .E,5*2'J-01 I 9U7E-0~ 1 3. 73

45 7 *?1t *6 2?50E+Do- .359k-Ol I ?OF -0 1 ikfl
tn47 E , ) 2 A8 E * V5 s53AL-01 *?bqE-02 K9.

AO 13 2E.4') 0 ,1 f+ni35iF-Oi .177E-02 LI q3.

loo .3b2.05 *18 1L* 04 1IAQE-0 1 , qdbF -03 2. 9b.

120 .142f*05 .109E+03 128E - 01 b6UIt-03 P. 41.

lao .553f+1)u *27?E+03 .795E-OP .39fA-03 1. qf.

lb0 I19t+Qa .591E+02 .?50J-2 17-0 0. %8f.

*A1 2%L-a7eEOP3 .77bE-02 .3F F-03 1 Q
2no .137t00a b9"QE+,e .573L:-02 .2'Abt-03 1. inn~.

22n OnnEfl0 *01(0El .OOoE+OAl .000E+00 0. 100.
P40 *OO)OE4cU .(OqE.0 nOoOE+00 *ODOE+01) 0. Ion.

2to .00t+400 Oobc*E00 nOOE+O0 .000E400 0. loc.

2 .0OnF+00) nUF4uE00 *OODE+00 .000F+00 0. 100.

300 D0flnt4k~q 00nE#O .00O0t.0 .000E400 0. 100.

ASP LVC(Gki-3)s .b2 CPS Lk.C(GM-3):- .?06

ASP EfluNTS(CC-l )x '51. CP~S COUNIS(LIT-.1c a.

.94 GRM Ptpt C1,41C mETER co 27. MICk11S MEDIAN~ VOLUME IkIC V 2~it*Elf

'At 110hw0L0Q RLSFANCM, INC.
A14CNiAFI ICIN~G SOPPOI T PACKAGE



HE~LICOPTt.W ICING~ StiRAY SYSTEM TEST FOR~ JtJ.-Im 31M

Y'L1C.M a 09

SI APM-OFF LiTS A'qCf 00 FEET
v.ATfLW FL0.y RATE ()F IS. GF~
S44PLE 7P'I 115:35

3 .r")"L #7 I3o7t +n7 *707E -oj .23bv -04 (1
1 2 s tog9 *.14t..0 *ItLOE-01 *.4 -02 2. 2

12t fVA .29 lIqk4E -0 1 7. .
1 QE0A . 13 3k +0 op705E-01 ?~31,f-0t 1 8.

I A257E0 Ae5E#7 785E-01 *2h?f -)I Q .2Q
? IIt1 f . 13t.e '7 Ot + 7 148F -0 1 .27bl'-01 3

30 .3b3E+07 .122t.07 .5SIM-ol Oi7t-Ai~ b.sq

3b IbO *3 074 .5513F0 **M2UQ-01 .215E -0 1 5. iso.
s*II t+ 101,CLo .'aSPE-0 1 1 1.2 At -01 44.7?

a 3 F tot(S *1? 3 F+ 0 a .0E -01 1 ?7t-02 1 24. 7L.
A4 20? of~'t. *I.244O6 loof -01 S~~O . Ik7I.
10 *tkot 40b *3QOE*05 .49E-01 *aA 0 1 5 o S. 86.
sko *35hpJt0 QloLn.4 .48sr-o .244L-02 S. 95 .

Inn ~ +'' *ooot, Q34"j 212-o *oo1o ,OI.02 P. 914.

2)0 ~ 23 7f +ou bK'LIE40Z .157 E-02 .28ht-03 1 . 9,4.
220 1 **04 07'JIE+ 02 .~2i0 U 1 3f-()3 1 . 101.
24 0E0 0 *or.O *0 .00no *000t2+0)0 o lL.
260 . cnt*oo .00E00 *000hoL) *AOOE40 0. 00
?AO o0uaF#00 *OOOE.00 D*oE.oc .000i *ou 0. inn.
300 *AOCLE, +0o~ot,*0O .000f40o .000E #00 0. l00.

ASP LbOC(G4-3)z .734 CPS L6C((AM-S)z .20o,

ASP C.4NTS(CC-fl: ~05. CPS COUNTS(LI-I-)m 3.

.90 GRA-3 PEW~ Ct'HC METER al 27. 'AICROiNS MEOXAPL VOLUMLTRIC I)JAAFTFR

4f4EURULOGY RESEACH~, INC.
AIRCRAFT IC1Ia( SOPPORT PACKAQf



HELICOPTER ICING SI-AY SYSTEV TEST FOR JlJM-IH 31P

21 J/PtO
I APE M 109
FLIGmr a 9
STANI o-FF DISTAPCE 200 FEET
AATEW FLO,% WAIf LF 12. GPM
SAMAPLE TIML 111Q: o

DIAEf TER %"FNR(M-3) Nu'8ER(4M-3u-]) I ASS(Gm-3) mbSS(Gm-3ti-1) PfRCE N CI)o PtPcf fT

3 1.91E+C3 *buqF*07 .?71F-03 .qiM-ou 0. 0.
6 1, 5u ,9 .5 1175L-01 .sk2F-02 2. 2.
Q *113L+nQ .37bE+()M L131 F-01 .I uf-01 6. A.

I p t'QJ'E+O6 .231 E4 08 b2tbf-0 1 .i'Uqt-01 B.1?I.
Is ,u]qE+nm .,I ht+ , f .77bt -n I.25QF -01 11 . 7.,

SM Ae0RE+0) .14Q4FE.7 *AIQF-Al .?7AF-01 11. 3M.
21 *1SAE* . S*bE407 .765F-n1 .255F-01 10. QQ.

27 . ;I1E j7 .14ut+07 a a F -O .) 144-A I . he.

30 .23AL.07 .795E+06 .337E-01 .2 12f-01 S. t,7 .
33 .199E+17 .be4E#Ob .3751-01 .125F-01 5. 72.
36 .105E07 .34JF +o .255L-01 , 51E-(2 3. 75.
39 *751 L#U .250E 0ts .233E-01 .778F.-02 3. 7 6

Q ,555E+0b ,IA5F4Ob .265E-01 .;83E-02 a. F5.
60 .46E.Ob .10 3E5 a3bf-0 1 .21tE-02 6. q1.
do .9*R+05 .482f+0" 258F -01 .129E-02 3. 9'j.

100 .217E*n5 .IORE+ OU I I IE-01 .5sFF -03 2. Q9).
120 *177F*05 , e@O1#03 ,16OE- 01 R02f-D3 P. 99.
1'a n ,oot.on .0001.00 ,OOOE#O0 .OOOE+,O O, 0.
Ibn IS *593E+t' .2Qof+ o 3 .127E-02 .63e6-U3 2. 4.
]A0 .127E+04 .635E+02 .38BE-02 . I1E -0 3 1 . 100.

20o .,) n OE .0 O#00 .000E+00 O00F#00 0. 10 .
22n .. L0 0 .n0OE#00 .000E+00 .000O00 0. 1nO.
240 .OOOE+0 ,O00.00 .o00.00 .000E000 0. ion.
2bO .000EOn .00+a0 .00OF#00 .onot+oo 0. 100.
2RD ,o0nt#(O n00E+fl(' .000t+00 O00fno0 0. 200.
300 noOnt+on .O00Oo 000t00 . +00E.00 0. 100.

ASP LVC(GMo3Jz ,b2o CPS I.AC(Gm3)c .137

ASP COUNTS(CC-I)= ub?. CP5 C0JOTS(LIT-I): 2.

.7M GRAMS PEP CVLJC METER a 23. MICRONS MEDIAN VCLUOFIRIC DIAMEIFR

METEOROLUGY WESEAWCH, INC.

AIRCRAFT ICING SUPPlWT PACKAGE



EL1CQPTLR ICIN~G SPWAY SISTFI TEST FUR~ JoJti1Ef Stfd

Z/ 'h/80
TAPE a 209
FLIGTV a 9
STANOf.IJFF DISTANCE 3oQ0 FEFI
h66TEf FLO3A R6TE Uf 12. rP

DI "LITER N ~iUEe(M3I-l I ASS((C'-3) SS(G1-3t-1 I PE.QCHt0 [s9v vtc

I *7QIE07.., +0* 112k-('3 .371F-04 0. 0

6 *1 u7F +OQ *LjIt OF . lbE -0 1 '-02 ?.2.

12 3F + 01) .4 1a'L +(t Q70E-01 *7 -0 1 S. 7.
Ao*6QE+Om~ *?70E*08 .732z..01 *2hjui -nI B.th

Is .(42 A .I tf 4Ot .' *~9-L) I *?QOF-01 I (I.pt.

21 .1 2E +OM .634 07 *30f -01 .3 1 E0 22) I II.up,
24Aq *97t + (7 3 1b(.+(7 *t~goi-0 1 .22qf -02 1 .

27 *bl'4*0 7 .2 2 7E+0 7 .7 OOE -O .?3 3f -(lt 8. .

30 3o*+0 1C1*07 .4a30E-01 .1'h3(-01 S. t 7 .

33 .2 1 bE +0 .7 1 E~o. .4Ote-0 1 .13st -0 1 5. 72.

3t) ISPE +7 .5p I +nt .30FE-01 .122E-01 Li. 7.

39 *Q4 7f +0cs *3)bE + (b .294AE -() .9elE02 3. 9.
42 AI 7E#11 .?7E#O&. -) 7t-0 1. IObF n I AL

45 .751f*0-3 *?5O*0c *35q -01 *1?0f-01l 61.

60 . 235,L + t, . I I 7f 5 .26okE-01 I 33F-0? 3. go.

80 g2L~r .uI10C*0*20-0 .2202-)I E-02 3. 93I,

to0 . PbE # 5 . I 3E9t Ou 20?E-01 .tl-02 P. s

120 '21000O5 . I Isf 4 o .208E-0O 1 *I04E-02 2. Q7.
1'L0 bq92F*40. 3'hE +03 q99uj1-O? ,uq9f031. ).

V10 n I I + ,j .14 E*02 .?54E -112 .1?7 -03 0. Q9.

18 1; 7 + a2?.' *rSE +0?~ .388F-02 . I QU -03 o. 9.

?00 I3 7 E + () ab
1 4E + 02 .573E-02 .28br-03 1 . 10(0.

a20 (1 0 n 0 + n .0 0 ( .0n.0 0*OO.f *Oc U #n 0. i00.

240 *0 E + 0 n .0001.00 *0 )0 4 r)0 OPOE2.00 0. I0n.

2bo *0 r nE *0~ m0uE .0004n OF4 00 . 0 PO+0 n 0. 100) .
?90 #(wn110L*O .0nok+00 T)OOL400 *000F#00 fl. Too.

300 O()Gj*U * .00E +00 004f .00oto 0of+00 0. lo0.

ASP LovCGm3)S .75b~ CPS L*C.m3S)c 1IU6

ASP C()JNTS(CC-IU: Ajo. CPS COUNIS(LI7.1): 3

.~ FIT RAAS PEW C0i6IC MEYER al 24. MJCPOlvS MEDIAN VOLLIMfIRIC DIAMEIER

-FTEORULnGY WSEAWCt , IC.
AJRCPAFT iCrIjr. SOPP0IW7 P'ACKAGEj



HELICOPTER~ ICING SP4AY SvSlFm~ TEST FLlt .1UH-IH. 318

TAPE a I ()

v.ATE.o FLO % RATE (41 n . GP
SAAPLL TIE 1125:1A

~-3 .E*0t uf*7Qcf-3I3"t -03 U. 0

q I7t~Q .4bE6 48 -01 . 166F -01 f.II.
12A)JS~ .1SPFtri .7213E-01 .2?f 8-01 1 I. 2

18 2 0AF , *7q97 f~ - 2, - 2 i
e II IA J4 - 5 t,9 # 7 I8 IF - 1 ?7F -01 1 0.5t

10 .?ut.EO7 .2QIE-01 .970E0o? a.7ij*

33 *IS4EtV7 .512t+oo * 89t-ol Q(,3f -0? 'a. 79.

IQ bE+6 29E,0b) .213E-01 .71 01-n? 3.,Q
42 .359E,0e'3 I20u *39E -C 1 ubst-02 2. q 0

601 AE O *7 2 E 4()L .I bqE- 0 1 RIS~E-01 .Qu
A07 KSE *0 5 *39?2,o" c 1~0 F- 01 .1 05F-02 3. q9I.

10A 723 +04 . t3F i3 .379E-02 *I FQf-03 1 . 9p.
120 S%32k na *?t~a1A03 .481E-op .24J1E03 1 . .

u .1 aL+ t2 *A? .IQQF .02 QqufJ-04~ 0. 9Q.
290 *000t*UO .000L+00 *noo~ioo . 0 00f # 0 0. 9q.

*nnE,, oonc00 . 00 *00lEio Oor0o*
?()0OOO .0 *+)0 op0~0. OOE+0,0 040 0onFl~o 0. .

22nOOgtOE7.UIE0 020n. .82bE-f00 .nooEtnR-0 0. 1
2 4 ) 0nW )0 O o( nOof +00 *0oOE400 0. lCfl

?80 nOOOE4000 .nE + n0 ODOt)0f0 .000 +QU0 .* loo.
300 OO+00~ *0 ( f * Oo- (00 f4 0 00 1)t~o f. in

ASP LAC(GMw3)m te,07 CP'S L.AC(GIA-3)z .080

ASP CodJ41 S(cr-l ) 515, CPS CoUUNSML1-I)m 2

.6b GRA"S Pf)R CUAIC mETER a 21, "ICRINPAS MOIAN VOLUMETRIC [)2AmklEw

mETFOOLUGY RESLALlC", INC.
A I1RAP I IC ING Si POW I PACK AGE



HELICnPTER ICING SP4AY SVST~m TE~ST1,0W J0-1"~ 311

2/U/80i

STAN)-0FF 0 151A14Ct. 10 0 FF F 7
^Afti,' FLJ4 k~A1 -'F 10. GP

SAY'LI 7 PE I 2o:S5

TkQ o-rv P 'JllriE 0i ( -.3 ) 4JI0~ r ( M.3j)- I) MASS C 3 AS ( (.k - 3i - Pt s (j 1,1 C lvP P wr t.

A o0ilt*00 *0 0 n 0 0 0 0OE.0 #u" 000f *00 r

C *1lE#t09 *370E+0'k *1tt-0 1 .SqI
4
c'2

is .2t+A7,j 17 .70CE-0l *3l-01 1 1

24 0bttE+0 7 .225f 07 *ai
4
9t-ol . It P -0 1 .

P7 ut I E * 1 *I SUE + 1 '75f -0 1 SH ~-o 1 7. t
30 *231;t+ , *794+0 ~ *337F 0 1 *1 2L-()1 5. t's .

33 *1j 7 E +()7 4 
9
DE +0f .277 E -)1 .02 ?F 0 2 4. bt).

3t 91 ,E t 0t *30S!40 **223E-01 *7 QSF -02 3. 73.
39 Q4~7EOh *3 1 E 4ob . 29uf-0 1 *QPkI E -02 U77 .

45 42 5E +0o POR!0t.?3t01 b I f -0 2 3. $d

Fl01 'acAob .57 1L.Oa .30bF-0 1 .15 3 -G? 13. 93.

10A .33 7E * 5 1 b9E i 4 1)7 7E-0 1 ASR3-n3 3.Q5
120 1 2i:+ 05 t)20E 403 1 .II2E - 0 1 A1 -0 3 2

1.40 5SIE* + 42 7 71iL o *7QS-0? *3Q81- n3 1 .

18 0 l0ook4~f +0 0'00f +0ou .000E 400 *O001: 00 0. Q

200 . 1371.04A t)'4(jfo2 .5,70-0? .284hE-f3 I . 1 00.

22fl .00ME 400 *(OOOE~fl0 *000E+00 *000F+Ol 0. 1 00.
*flofffnl ) E + ) 1 .0 0 of4(0 .000f +00 0. 1 Or,.

200 .1)) 0E +0 () .'o 0oE + ) ! *00t *0 0 .00of 00 0. 1 00.
280 OOE tooOro *r .00 *0fl.0 *000f4In10 n00f0 0
S00 . a0 0 E # () *000E.00 .0 0 0f .00 .000E#00 0. ltov.

ASP LvC(G"1-3)z .55k CPS LOC(G-3)= .133

ASP C0nINTS(CC-I)z 31,1. CPS COU14S(LIT-1)r 2.

.(37 rRA-AS P~I Cil E TLR 2a. WMWCONS 4FOI14N VOLVf~T7IC 0I*UIETFR

'ETLOULOGY WESEARCM, INC.
AIIHCWAFT IC114G SUPPOP1 PACK~AGE



HELI1COPTER ICING SPWAY SyS14 TEST I0W JIU$1t' 311$

2/ '4/80
TAPE a IOQ
FLIGpHT 4
STA'4L.0F; DISTANCE 2,10 Ft 1

AATEW FLOA RATE 0 7. G;I*

SAM1PLf T I4A 1132 :12

I ,?f16Is 11 w0 F-0 3 1 U -n 3 0. (

0 *PF12(. + .2o4t.nA .1371 -Cl I I et -n 1 0. 1

12 *Iq 4 lo 0 177~~ iF -0 1 1 Itd-0 MI. I I

? 3 e1 IbE2 *e, 07 *2'jtF-0 ) A I 04-02 7.

p Jnlt 0 n *35Qf ( *I f - M .370t -OP 3. C7.

30 .*7 PL L c't . 2b IE. +()t .11F0 1 .3bqt -2 3. i

33 t I7~,T *bE Ot, lou~t -01 *uQE -02 3

120 *15E' *73~l .1c 1 " 3 #5SoE-02 17?~0 'a. ?

45Q% f+ 3 27 bC e-n2 I3M-fl1 -n 172

A 000 '5Lu * ),)E "?ti * 00OA t.0 1 -)O 2 *V '. ft t'

120 1 0OQ +f' 70f 00 .O3' .00 7200-0 u ., 1.

214 +.20 *0a03( 100 o 00 .rcI5Apt.( 0.L 0.I

2uo . o n +jr MooE #0 (, .00f~ 0on0 0 0f 0. IC

?*000) ) E + r .0OFOE.0 .0OE P 1) .0 o F*~ o . 10~

390 .00 *fi+ 0 0 *oootooo .000F 00 .00of ~0i M (I. I"'

ASP LoL(Gm-3): .233 CP'S L AC( 0-) 17

ASP COUtqTS(CC-1)z 3'". CPS COUNIS(Lll-I)c 1.

.35 GRAMS PEL C u'3IL fAETER a ?3. '1 CIRNS rl () IAN VOL 1IAf 7R IC P IAmf Tf

ME TEOROLOGY QE SE ARCm, I r.C..
AIRCRAFT 1IING SUPP)(kI PACAGU



HELICOPTER ICING SIkAY Sy5TE- TESY FO1R JU.4-I' 3IF

FLIGH'T 0
STA'd)-OFF DlSTANCL IO Ff11
#4ATL& FLOi. RATE OF 7. C-P"
SA'4PLf TIME 113.:1 9

D I AA't TER N%'bEQ(N.-3) N(!1~M~~ AS5(G'--3) MAASS(G"-3L,-1 P WCL I C1140 Pf 'QC IT

3 .?3h( *00 *7miE t r7 7,33t -03 *1IF -0 1 0.n
r).1 E 4VI IS? I ,? f-02 Q. 'Ad

1 ? 21 E. u m itF# il7 44 3f -01 .l9AE 01 10 f,1.
I tq 0.N t o 415t -() .e2F-0l I I u

21 *76AE r) 7 *.c,*C 7 *372 -(l1 .2F -l 1 1. S,1I

27 P 7 AF .7 QpF4 1 *.2Pkf -ol *l5'jf -0? 6. 5
30 *1't3E. 7 b" f4 Ot' .?31F-01 *77 6F -02 S.7P

P, Ssf#nI AsE.+Of, .1Hef.l 1 .4452E-0? 3.*8
39 .??9of*c .7t~h #(IS .7 1Ot -Pi g *3 7 f02 ? A.

42.4st0 C '~f# 'f C5f-PI 'Qf -02 .
3 2*t17 1 f-lI r"7?t -0? Q .

I n *Qtif 0 n 4 k ?F 4 A 05 -02 .2s?f .03 1.9C Q.
1 20 *blt0 Pt, b *et~ +(3 *' 11 -of) *? "l- I F -QQ;I*o

1 1 s *' t'~ 40 * lQ9f (' ? *Qdi F -0, 0. *

14 .?7 .'%~2*~ -o2 .I QUI.03 1 (1

2.4000 M 0 n I # A " .0 .0'.(l *Of *V(Hnr

300 . n( t t
1

p*.i' *" *)'luf Itov0 *00nF.0 0.

ASP L04C((,M
1
;)z . S- I C L.'C('1) *0 I

ASP CuovIS(CC-1l i: ,-* C i CUYwI1(I 1 ) z

..&a 660A'IS RL6, tL-C Af TLR -A I. ickus mEr.I AN VOL Ull f 7 (l AME It w

ME TEORNL06v RE SE AwC , INC .
A I CRAF II C ING S',PPII.' PACFIA(.!



tLLIrOPTER ICI 'qG 5PWN4I SISTJ' M IfT F(. JUH-pH Alp

TAPE a n

SIAN[)-OFF (PJSTA'4E ?00 FfET
Y ATLR FLL)#. PATC ()F b.61t

DIA-ILIER NjiLP(v-31 rJEW~1,iI 'ASS(GV'-3) MAS(*.ulIpf FRCki1' C W.,p PE I Ct t

3 .271f + 0A t' 4.~7 NAM (% i ?R -11, -3 ,0
. i3 4 E.+0O.44 R *l5 e~-01 .&OS.-,
.910 + ' 0t. . 3f) u *~t, 54414t -01 . AI S 0? 1

21 57'4 n8I7S 0 *a7f _n1 7f-0~ 1 0. ?h
*17E +S Aqs 7 1f -01 * 091U-0.

7~ + 0 A S29 77 8sti0t _~0i -0.7 1 C

K f3 *7%l.~uc *Y (" sILJI-01 *il-111 to. 63.

39 32 .t, .I ISE* n .?93F -(' IQ 0 .IIRP10 3.
Z71 71 1 bb 'f 40 .205t -01 .pi 27 )?G S. 7u

3034f+ Q4 t*0J .hlC I 119kO. - f *37 1 -0 S.74

S310I 0o2n 40 III *' 0' 1 4 .?I f - 0,?1 I. f

3 )sQ*0) +( f.k 0 1Q 0 20. ICC.

3?7E oQ +I 0 1f,I *0flt -02 0. I
QA*Lo 17f*(s P 02. IO?0T,0 0.1 10.

41 01bt ) *0' * 1 f 0 10( *i'0 *0rO I0 0b -(?3
2t, 0 . ht)0. If+( 1* *" .7so0i,02 .o TSFor3 1 ~ .

80 3 1 oL'0 .0'i I ( .~ Ir t00 .02 .S00 0 3 ?C . 97.Oc

Io S4f# L4h'.) .3'1 LF L~tru 3 *. .13s 0 22 0 p

127 4 +1 "s -At' *,) Su l emitR - D9 21~ . .121t~ -0LI~11 ? . I r, 0

IE j~O f~ onES p ,, Acrt*6c.) t nn 0.0.1
lot, nAf ICI% S") d PAC 0t M4(.00A&0r .00n



HFLICOPTER ICUII; SPiAY SYSlfA TEST FOk Jkl"I... 32$i

2/ U/80
TAPE 9 109
FL II.N 11 9
SIANr,.OFF L)ISTA,,CL 300 FET
AATLQ FLOOA RATE 0ll 5. (GI"v

SA'
4
PLF TIML 1I U2: SO

DIAmf TER tNJA~tW(A3) NtIMER(M3-I) "ASS(Gm-3) '"ASS(rk-3Ij-l) PEI-CENT Cov 6EC

3 *Oni)L4,l OOE, * (000 '(0 000t +(00 0(o +o* 0.

9 .827L+08 .27tF."I1 .31te1-Oi I 0',f -Al 7. 1 k,.

15 *3 1 R (A Ot OF. .55"t-01 I~-n 23 I I. 31).
SiM 17 At 0' 9 .92t#07 s"~3f -01 I Hfl 1 13. F.

21 1.f If +(l8 IS3~t*07 *'91~ *le"1F-01 2. sq.
2. UP 4t 7 . 55 407 *33tf -O 0l2E1O A c

27 *2 71k* 1,7 *9j.jfE*ne, .?79E -( *Q 3 t- 02 71.
3u I b 7E + j7 .5*f+Ol .?3tk-01 .78SE-02 b . $1L.
33 *7$m*O * 2hbE t. 4lM14 Iu2E0 &I. I' I.

3f, b5 S +t, .2iPE~ft I .b0o-1 .53?E-02 4. m7

3QLIgo +abI t f 5 f 01 07 -0 3a. 90~.

607 2 1 #0~ S3b2f #()4 $ *PAF-02 ."OQffl n3 .p
qu 1~' n 7 +3%E sf n3 .?2~ - 02 .1 43f - 0 1 .

101 8u2t+.4 .2'JIE # 3 .254f -0? .1 2t.0- 3 1. 9Q.
120 1 7 7 t # - .APej0 ? I bot -02 .80?F-Ou (I QQ.

1 41( )f)t+n .!0 n n00 .00~0 4VO UAnf000 0. QQ.

10 1( 1 ( 00 , 4 Sq0t 4 0 t) . Ljsf .00 I j?7 - 3 .0 0 )* 20 .
I.A 0 *)' 1 6 *0 1)'I 4 1 .0~ 0ocf 000 n ) )0 n

2240 n0~ (I " (i + r)A NL j .00uf * 0 .0 At +0 0 0*ICf

?# t 00~r( .000f .00 .Cute.0( 1* lOo.
300 000 +tt .0 o 0 V E 0 ot *of .00 OOO0F +00 0.* 10o.b

ASP L*C( .3)z .unu~ CPS LvC(v3 .1129

ASP CLJ,.NTS((ccl 1: 500.j CPS COJI.TS(L1 -I): 0.

*'aJ4 GRAMS PL C-.'M1C mETER iI 20. mjC(2.UrS PwErJAN VOLUMFIRIC flh*mL~tf

mETLOROILU(Y RESEA,.C", INC.
AIRCRAFT IC11CG SJPPtlkl PACKAGE



HELICOPTER ICING SP.4AY SYSIE-1 TEST FO'R JLIH-p4 31F

T APE a 109
FLIGHT s 9
SYA~'t-OFF DISTANCE ?On FEET
IA1VE7k FLO % RAIL ()F 31) GP'l
SA APLE T~ 1l'4E 3

3 *3QJE .Ir *131,fl .%, 03 .1 Abt03 n. 0.
Q. () R21 7t-01 *720 -0??.I

I *3n uS 7Q) -0 12 130 -0 1 3. 13

21 7 ?1* 1 ? .7 E * (1 .43 E 9-ol 141 1 t-0 1. 17

2. 3I .10+,1 Ai * 390F.0 *li-01 *It-0i I3. 2n.
27 *iOSE, 71 bt*0 7 .3&a8L-r1 *1 ;rlf -0 1. 23.

3() *5eo U *u 7 E# e .3bqt-oi Il E~ i 33- .?t

St Ib0 +u SSa *Ob IQ I t.0 .1 311-0 1 25. 31 .

U2 ~ *o3'. *'41p ..?LjL.PlA t-l.I *1bf.f *?7 0 1 2. Sb.

'4 5 *o~ ,rh *Pr5oFn +0t, ~ .05t 0 *OU .1 0(0 1 q
6e0 20(o E n7 (C1 4 *0( .227L #0 .~0~0 1 0*( 17 t

I ni' .fl ?n If+I)o,10~ .n * (ISIO0f +00 *00O3( .00 0 A *Q

I~ a n 4)914 *1) 5 ,0 na 7P 1~%SLI-) b t 50 (?

IQCRF b CV ")P~ ? 3 *o IC I KA(.Lk 01..?t-0

IA 4. b t ,3.Ili.-,II7 w S



IFLICOPTER IC1N4( SIPNAY SYSTEM TEST FOW JUiM-1I 31(4

TAPE 9 109
FLImT4 a 9
STANC)-OFF DISTA\.Ct 200 FEFT
@A1EA FLObA RATE OF1 51. GPII
SAUPLE TIM4E llS2: I

s 7 JAl4toFO. *7I47F-0 3 .2b?F-03 0. 0

b. ? I It J) *1j2k P.? 5 -- I g7k~. -0t I . I.
Q .1*.0 .49IE * ni SOF -o 1 *190 -0 1 3. l

1* 1 l3t 4 '7 .S I E *7 *28bt-0 1 q'5mu-02 2 . 10.

27 2E#e 24F4if oF0? .303E-0? 0*13.
.e( kt> .+o b .229E~k, .97 0 F.- 02 *323F-O? D. 13.

33 55 +3Q2lb' *131E.+le *9bf -01 .34,91-02 10. IL~

3Q *2b21.fle .M7lE+O5 912E-02 .2711-n2 0. 1',.
*?13 1E 4 fj *~3bt 4 oc .5071-02 . IbE Q-0 2 0. is.

45 13 1E. ~ ~ ~ 0 Abul. 5b2sk-P2 .208Fi-02 n . 15.
bo jjI 4 07 .1 1 S.E of . ''01000 *1 3Fl-01 213. ?fk.

sk 1(Lf7ruios .2q5t1400 *1u7t-01 15. .
.ll 1 t*o 7OL +013 *1 78F00 OkQOf -02 9. 1,21.

I1?n .1 77E. +O Ah +a *I eof00 Ao02l-0? ok. g
I~J * Qu I f # 117 nV #n a .15f.4 h7.F -0? 7. t

1 31 #Is I 59 *)~4 rih *70f-0l IAASF -0? 13. 7e6.
*0 113 f 05~ *752E,# 13eW -01 .321 -0? 3. 79.

?* 11j# u3 n b5.- C1 3? F - 23.? Me.

2,40 1 ; A F #05 b
9
I f 3 *2591(10 *79stPeJ3.0

So3wcf#0,. ?2i~f 13 .628f -o .3 1 At-0,) 3. A.

ASP LV#C(L.--;1: . lIf CPU S I ,C u(;.4. )s 1 .91

ASP~ LOUNIS(EC-11 LPi. AS CJUUNlS(t11-1:z is.

2.D3 (r.QAAS PtL" Lkl,1t MLILW to to?. mICMOtdS MEDIAN~ OLUMF 70C rIAMALIER



IELICOPTFW ICINJG SPR~AY SYSfm TEST FOR JtiH-tH 3114

T~21 '/80

LIGHT S q
STAND,-OFF DISTANCE ?00l FEFT
oATER FLOV. RATF OF 2S. GI'
SAMPLE TIME 1154J:57

3 .a F- .71E.7 .3)9t-03 .106t-03 . CA.

onkoQ?~Fn e.t9bt-o? .hlF-0A? 10. I .

is .13 ?E~ *.v usf *of, .?'d2-02 .A014L-0,3 o . 2.
1 t . 2 1E * On *?h 7p* +1~~t 0*.I9f-, 632P..0 3 U. 4

21 SAAE *.t, *Qe~.e ff4nf?A5~f -02 qSl-4 .J

271o.-t2e-E4 131 A 0?l Stlet-03 0. 3.

3il Q0of +es *3?7E +05 *13Qf _(.2  .46PE'-03 n.3

3e) 13 1*OE00a3 * 3105 *3 1 Q-02 . I 061t-02 (1. A*
0 U *0 0 o *0 r, E +0' *OOO,00o *000F*0' 0.

* (h1 bE o 11,3)ME * 0 ) *UC'01 +no *0pAt*A00 0.
000 Oi 0' L 4 vL C .0k t 00 .0WE1* o0 0. Q*

b 0 *1%1 7 /? ~ .72E +no Ab62f-2 21. 2s.
*e fbLt 410 *3?t O0 .1 7fk*00 * "CE-02 22. VA.

100 *fl0 o' IDF.O #A L I 1t 0 .57af-V2 IJJ. b I.
I2 ?oQ%7 +cS .1 *7mL n& *Afbf _0 1 .'j33E-02 1 1. U?.

160 .* sIt* 5 1Q * 0"ul~ 5014f-0 1 .?Sa -A? 6. - ,

1 0 . 15t 4 137f% * n 1s3 *me~f-A I .233f -02 b . q I
2 i . f i. ?7E*0s .229t-o1 .1 15E-02 3.91

*20 .44i ?2t * 0 3 .24ef-0 1 *?4'f-02 3. Q?.
?,*.12SL* t * n 1 .230Ai-0A 111?F -0? 3. 10or.

*00 0 n O n**'A 1 O 0, .0A +0(i0 0 *C( . P0 o 0. To,.

29 (1 )E* 01 f, Of E).00 .of 40C *0otolo 0.1 in .

300 .00. 00) nOOFPI.A *0uOf 0u *oookn n 1* 00C.

ASP LPC(6.M.3): OSI1 CPS L hC (Gk-3)= QA0

ASP CUuJTS(CC-l1t QW'. CPS CUUNIS(LII)c 12.

*. sqI RAOS at). C'1(I METER el 9'J. MICRO0NS WkOJAN )V0LLIMiTPIC OlAMEJIR

ME TE UAOL0f.Y RE StAWC 4, 1AC.
AIRCR~AFT ICING Sij1'.'wl PACKAGE



04LLICOPTER ICI%; SPRAt SISIEm YthSl FOR JUIH-IN 3hR

21 4/80
TAPE x tO9
FLIGHT 0 9

S TANfl-OFI DISIANJCE 21m, FEE T
AATER FLtJ% RATE UlJ A. GPM
SAAPLE TIMiE 12 1:bu

3 *(,rlW4*00 nOOF+no) nonj *nof *000f +00 o0*0
0 9 4,~ E 1 t .4" 4 ~ j 0-riA -p .i~~o 2.

t 2S14 *) .'I 'F 4.(7 u'7at -02 1 Silt -02 2.

1 . P3L )1 it+0 ,Ulf'? 4of- 0 2 2. 7.

21 .047f ') 31 I4 i, .1."t *b1-re .153E-n2 p . IC)

31 .1511t+0 Os)a0 *?QhL.02 .1120F-03 1. ]1.
0 0 0E +0 0 . no E+ oo no EA0. # o o00oEon 0. 13.

39 .0A0t + 0) .000t.00 *000t*00 * A0 O 0O 0. 13.
a 0 0 0 0 .uf0j #on .0001,+v ooof +0(in. 0. 1 3.
as 27L +05 1 o(I + ns 1561- -02 . S 0t-03 12. 141.

?)r Qt*o03 Af + o5 *A 59F - oI *uqE-OP 3 1. 415.
A') .?53f.oo .12 7 f #0 *b79t..D1 *3 unf 0P ? es. 70.

1 0k *3.JL 4 152 . 7f +(w .227 -0 1 *11UF -02 8. 711.
pi"' l2QE~uv, *797Ffln3 1"4. .72PE-03 S. M~3.

li .I 1I E., + ; 153F + 3 1 Sqf -0 1 . 7Q~f-0 1 6. Q.
Inn0 .2 1IQF +1)" ,0 3 F-, 4 02 ?50-0? .127t-03 Q(, 9.
I A ) 9, 11 F4(~ *()a25a.0+ 3 *ISSE-0 1 *77eq -n3 Qh.
2 W) *21?J7a 0 .137r.C)3 .1IISE-V2 .5732-03 200v.

22) 0 0 E +)()0r *t + 00()o *nOE #00 . 00 oF,0n0 0. 10p0).
2-00 0 0L * 1) A00E0 o n00(4n.O *00 .000 00 Ion20.

*00')ooE *)n *0 0 #C' 0 O0OE#60 *000t#00 (I. 2(0r.
2An* 1 .*o00 0 0 0 .000t +no .000k400 0. 100.

3.10 *0fl(4,Ol i *0I O 0 .000(40(0 .00(40n 0. Ion.

ASP L"C(Gm-3)z .03,4 CPS IAC(tI4-3)z .204

ASP CCOuNTS(CC-fl: 72. CPS COUNdS(L1T-1)v s

*?7 GkAmS Ptk CUAIC METkA j) 74. "ICROU:S wEDJAN VOLkumr11kC PIAw'k7fR

mLTEI)ROLU.v RESEAR~CH, 1~jC.
AIRCRAFT ICING SOPPOWI PACKAtE



HELICO~PTER~ 1C1'iG SPR~AY SYSTEM TEST I0IR JUt4-IH 3194

21 o/80
TAPE 0 110
FLIGH4T x 10
STANO-OFF DISTA Cf ISO FkFT
v4ATEW FLO-% R~ATE OF 15. GP-
SAT MPLE 114t 13"3:51

D I AA TER N11Atk ( 1-13) *JUmhF W ( I-3tI-1 I MASS( W1- 3) hMSS(Gm.31..1 I PERCf N7 CLIV FERCU I

3 .0001 +u(, *OO0FoUo .0001 400 *OOOF #On n. 0.

Q * q E +0 .2 9E 01 .243 -"~4*I0 01 Fkf 3i O?-0 1.*1

I ?a33k+08 . U 0 32-OI . 131 f-01 '4.

I5 *Pe7L +0 PQI9E+07 *4'E ~-01 *1s7E-OI S. I*1.

I F *It.?,' *.+o n71F+,A7 55NI, -01 1 A09-0 1 7. 27).

24t;L-7 .2 AF +n7 u*rL-nl I.1521nI 5. 32.

30 *2eiuE+07 *Q'J7L,('b *'J02L>01 *13'1E-P1 S. 4J3.
33 .22E#)7 *773F*Ot . a 3ft-o I . Ius[ -f0I 5.*1

3o .11IE4('7 .37PE406 .271F-01 .904AF-02 3. 51.
39 *ISOE407 *5401E+ot *'Ab-0I .1sbf-01 5. St.
4*2 t,5 5f + 1) .2I9FF+0b .2531 -CI .9LJE-02 3. SQ.
a SA .R7 E + .2 7 P + t .30f -n I . 13 0 F- 01 a.64.
6 0 *3 92 E + .19 bF # 5 . ail 3F-0 1 .2211-n2 5. b9.

81itt+ 3e 64#a .363E-01 8l2f -02 4. 73.
100 A*P1 4 5 . 4 3'*1.i # 0a Uja -0 .227L-02 S. 7A .
120 t)03f +05 .*3 0 1F + '* 5sf s-0 .273F-0? b . RJ.

10a0 Q 4f 40, *91. +n3 .2 7#3E-0 1 .1 31-0? 3. t 0.

20n0) *'1Af+ )4 .. e05 + A3 .1 7?f- 01 FP5Qf-03 2. Qs.
220 s5q3tl*,; .29@1.03 .33C1-Ol .1bsl-op 14. 99.

2an .It? )j e4 o t + 2 . 117 E- 01 *594,f - A3 1 . Ion.
2t. in ooo n E .() .000L+00 .0 0OF0 0 0. Inc.

2RO .*oo ot +o *0 O0 , c'o0f#O0 .0 0 (f0 0 o.100.
300 . 0 0F01.) .000L,00 .0 n0O.*0u .000E*00 0. 100.

A561 LCCG,4-S)c Sbo2 CPS L06C(r0A.3)S .369

ASP Cf)U;,TS(LC-In: 282. CPS C0uN7S(LIT.1)s S.

*A9 GwAm'S Pie. C'u8IC METER a 37. MlC6h0NS WEDIAN voL umfIHIc nOIwtER

m(TEOPOL0GY RLSLARCH, PI.C.
AIRCRAAFT ICIN'G SJPIV"ih1 PACK~AGE



P/ b/830
TAPL 0 110
FLIGHT 0 10

hATfER FLOA RAIL Of 12. 6.-
SA"PLE T1mL 13'1':27

D IAAL TR N~m( k('-13i ,IM$1b(M 1 &A3) MASS(G*-3) MASS C.M30-1 I PEfWCFNT LiJm IPLWt'l

3 2 7 At A *9?7E*07 *330 13 1 A3 0.
b *7~L4 .Q~ -1 E-02~ 3. 3

9 .21109 u0i ~ Ubot~0-ol .153E-0I h

15 (*rr9t. 06 *11 .715( -01 .?3RE-0l 10.
.3F( k7 HI k A7 .7 1 5L-01 .23ME-01 10. 37.

so2 2 7(-At5f130E01 loot~-0l1 a. b2.

33 *b?1f" I *955L. t, .31'*1f-01 .105r-v 1 LU. b
3b?7f1 2tE (b . I II11-01 1OMt-0 1 a. 70.

39Q *955E.'Oe' %)tO .i72E -01 * i7SE-0? 2. 73.
.2b~ 21f- b253 -0 1 e~lAISF-0? 3.7b

45ulf+c, 3.t, *b234J1-0 . 7791-02 3. 7q.
60 '1?~eIl.~5?5 611 ?SE-02 3. 113.

QEos .i E+o i .?U91-01 .12uE-02 3. 8

120 .2 1IE * n5 .I nf 4 o. .l92f -01 .962EtA3 3. 90.

I*e 1h+4IF'E.n3 *7631-O0? .361L-03 1. 'Q3.
Ia ?U~j .?f43 .77tE-02 *3$P1k-03 1. U

200 .1 Inc +k.J .26-5f #3 .1721 -01 fk'9E.(03 2. .
220 *i' U..4'. .7'aE -. '? fEp)L -02 u.3SE03 I .Q7.
,7,1 * 0 FO #f" A~ of 000 I( .0001 *0(' *00l +(00 0.* 97.
260 .001.00 Uonj0010 .0001.*0( .000t +00 0. 7 .
20 *llL3' .QA(. 02 .210 1U0 *lU
3O0 0OciLOOC no00t.vo .0001.00O *04 000.1*

ASO LC(6-~Sl .%91 CPS LAL(fi".3): .140

ASO C"U~NTS(Ct-l1: guQf)* CPS COuNTS(LIT-1)z 3

I7S G4A'4S Ptw C(IHIC METER il 2i. %MJCROThS MEDIAN VOLUMEIPIC CI1AMfFP

KE1LIIPOLOGY *ESkARCH, 1rL.
AIRC'OAFT 1CIN6( 3LJPP(1T PAC~kA1L



*4EL1CtPTER ICI,,G Spqv SvSTEY TEST FOR. JOI)~M 31$

Z/ big0
TAPE M 310

STAOUF DISIANCF V,0 i-I t

ovbl'w FLO"' WATL OF 10. Gf~'

SAVPLE rl"A 13UJP:1

3*1210 1n ? # PRus.d(-03 
1* S3.f-0

12 AtE.OtO* 
Pn7E-01 

21.

3(l 2 1 QE 0 
* 103F -f J. 7.

ss. a$ ) t at4 
.(p t 02 3. L.

300 *123E+S # Of, . 1 .31'7 1.Oi- ?

Isk7 7aE #a~041 Qff .01 p01~kt-0 S 5.Q

80 .1o0 
.00 

t0 
*k#o iI oOf .003 1 iO.

1?j0 1 77t#05 pb P t000.*00 p0?E-V 3 0. 7

140 ~~~~ ~ ~ ~ 0 1 3t#() 
Q l U 0300.

u300 ( t o n n .01.*t0+n0 .000i # * 000f #00 C

0S LW 0~) 0 1 Y +ICG3 n %*303 Vvf 0

ASP CO.NIS(cc-l'z u7j. CPS COUNIS(LI'1l)z .

.61 GRAyS Pt C'jt31C mE1EQ i'). vICR()%S WkL)AN VLLUvEIRIC fIAltt

AjpRAFI ICING SoPPU~rt PACK(bt4



4EL~ICOPTOl 1CIN6 SP4dWY SVST1k TEST VFjP JijH-Il 31 A

TAPE a I 10
FLI~,4T a lo
STAND-OFF DISTA'4CE 15n FtfT
o4ATER FLOA RATE OF Q. Ipv
SA\4P~f fJ'h 135): 1

01 AI'E'4 NUMSE~ R .( A_(A-3- 3 M4Sb(Gm-3) SS (flM-3if-l) 3'E4WCFNI Cluk VE . Kl

IS 0311.u- lO. .~E *IQ;l-fll L1. 3.

*17L' .35L4IAlit-01 S0 4.

?I *993E~j7 .331f#07 QAF-~0) .16JE-li 4, r)5.
24a51E#7 .1 E+.7 .3elE -01 . I U0I b t.

27 *?7 1 0 *Q(nE+n, ~ * 79E-C1 .Ql I E _( 5. be' .
I3uI 7 E () 7 *4 S7 L4 (1 I q4 *u- (II .64'7E-02 '4 . 170.

s) t2IE+A) .207E.0' .15 1-ol .50s -0O 3. 7t

s5 3.u25Qt)I N It .4E()b . 1 2E- n *. hE-0 2 ? .79
42*9?*h131E4OE I5f-0 1 .0f 02 3. h29.

(407 Ar.( ( ,: A3'?L +0~ 4 210 k-0 1 . I() S -0 2 4. Q3.
100 *12It.(s *b03Fefl3 bt3lf-0? .31l5f.03 1, 4

12D0 .lJ2t +0 .7oQf +n3 .l AL-01 tb(41F-03 2. Q7.

I bo * O)nlt.n .(*'0'A+00 .000F+040 .0001.04) 0. q7
180 j?'E0 .127F+()3 .77bL-D? .39p.1-03 2. 9
2nn I 37L4~ + . t4E +02 .5731-02 .2I8bE-03 I1. I ('0.

22f )3jn , .() (1E +vo .000Ef#00 .00OE400 0. 100.
240 oonf06 6001+,(0 .000E+00 . 000E +00 0.' . I)
2bo .*0uo (.u l.jf 40 ,ODF +0 ~, 00DE400 0. 10 ).
290 .(' r, .0 o00oLno OD0E+00 .000t*00 0. oc .
300 . ()IIII0 J. 0001L0no OOOE.no .lOOE*O 0. 100 .

ASP LV"C(G,4-3)-- .441 CPS LoiL(Gkl-31: O0QQ

ASP LIJUNTS(CC-i)z .4mM. CPS Cou'47S(LZT-1)z P.

.S2 GReA'S Otk Ci''it MtTEP & 21. MILRONTS MEDI1AN VULUVFIRIC DIAMETER

ME TFUR0L06Y W St AWH . I NC .
A1'QC'AFf ICING S0PP(Ikl PACKAGE



HELICO~PTER ICI14r; SPkAY SYSTE" TEST FC)k JUH-IH 318

2/ 6/80
7 APE 9 110U
FLIGHT a Itj
STANOfl.OFF DIST~oCk ISO ff T
oALTlR L00 KATE t1F 6. tVV"

SA1
4
PLt. TImt 1 3S3: 12

D1 A L T LR tJ" Sf4 t -1 f.umHLR hA3U1 ) M4ASS((,'*-3) maSS(Gm311) '1.fCE N7 tu I APEW

S37 * *7Eub' .e9tf .717L-03 *?3qi-03 0. 0 .

12 *t1 qf Im *2IbF ' .56OkEl .197F-01 10. 22.
1 l f ), oEof *53IF-01 . 1 77F-01 10. 31.

p 4 .1It 0 .1 72Et+(7 .31i J-01 .12SE-0l 7. S6.

27 ? 7 1 f 7 *9 0 j f .279E -, 1 931E-O? t I. e.

3s Ij8I:+n7 .3Q2f.0t) .2eic-ni .73Ak-O? U. t9

smE# ' . 6 +o)I 1f-01 ' *7 9E -0 3.72
3io *UQ, *t, 3F # n, *152E -01 S0,71:-02 's. 7S.

USe1ftb7c2E45 .loot-VI .3F02 2. 79.
b N .7e.SF 044 .1771 -01 bfb~E-O3 3. 132.

8 Q 0 E 1 ) .4"b+042 3 L- (11 ?IOF-02 a.Ft
101 .31 3t -Il . 15 t 4IU .160 -(I fk2o -0 3 3. OHQ
120 .1 ;4L. + *70QE +3 IeAE-01 .6'JIL-03 2. 91.

.b 47uf +0.4 *23U+fi3 .I 02E-01 SOIAF-03 2. Q'

20() .0o0Lou +c06 .00 OOFr +0( .000t *00 0. Q7.

220Or)(t ,c .00tE+00 .(Oo~f 4()0 .00f +00 n. 97.

2UO (()) o .000nE+0( *000F +00 .000E *00 1) . 7.

2K) .0001,.to . o OE + 00 . OOE 400 .0Loo 0. 1 00.
3?10 nnn0E~to O0nF~no .000E 400 *OOOE.0O 0. lob.

ASP LvCU(,m-3): .~437 CPS LNC(1-A3)z .13(l

ASP COjNTS(CC.1)Z u77. CPS COUNTS(LIT-1)z 2.

.bb GIWAMS PFW CLbIC METER W 23. MItR0INS WFDIAN ~ 06EE

M.L0RUMcLU(Y RESLAkC, INC.
AIRCRAFT ICING SUPPORT PACK.AGE



AD1O078 METEOROLOGY RESEARCH INC ALTADENA CA FIG 4/2
DROPLET SIZE AND LIQUID WATER CHARACTERISTICS OF THE USAAEFA (C-ETCIU)

W7 AUG 8O M E HUMBERT. L J JAHNSEN. L 0 DZAMBA OAAKS-8-C-0003
UNCLASSIFIED MRI-80FR-1748 NL



MEL1CtOPTEW ICING SPIkAY SYSI1U' TESI FOP Jij'"lIH 311M

TAPE a I1In
FLGH 10

STAND-OFF DJSIANCE 15n rFET
vAT[Q FLUh WATE O'F 7. G~f-
SAM~PLE TIME 135:2 7

3 .372t408 .I?*n19 .52tt -(13 1 75f -03 A
b1 *5eL (1 *0 A +O 1272f - D1 .57131-0? u , . iA

I flPE 09 *335E * l .380J-(, . I tt-u I b. 12.
12 *5,3t+08 1 QUF+ oA *b32ME -01 .17bL-01 I I. 23.

?I *Qt,%f+0 *3?'oF+07 . 46of -02 1 .155E-0 1 10. Y

? 7 .2b1L40
7  

iA'7 1.CE Vt *2 (-f - r" *k1- (2 b . b4
30 . 103L 4 07 *SAJu oe, .231 F.-0 1 .770f-02 5. 73.

3'S *l?(4En? .U I IE , .2 3"-0 1 .*TQE-0 2 5.* 714.

3b t153E * e *2 1 RE+(t, .160E-01 .5 32t-02 3. 1A I.
3q .327E+.0 (I 9E * flo 120 1f-02 133-0? 2. 83.
42k , ) .4 A o + p5 S I t- 0 .3 b0 F- 02 2.

14 37t )( 0 qF+0(3 .156L -0 1 .52DE10? 3. 9
60 .144~ I* i +0t 5721*0'J .1291-01 .6447L-03 3. 92.

A(t .71UE405 *357L*u *IqlF-0I .95ti-0 3 JA. 9b.
100 1i2 1E +05 f, 3 A 3 . 63 1 E-02 *3 1bE - o2 I. 97.

120 *709f # o m *35a k + 13 hu)E2-02 S?3I f- 03 1 .Q1

Ibo n~O .'oAUoo *vl *ok .()0t: *Q( .0001 .00 0. c.
18 *0L(0 0 0 ti.O0 .0001 +00 .0of+sOo 09.

200 *13 7 Od' *b A QL )i ~ .573E-02 .2AIE-03 I . too.
220 0 0 dE (0 'Of0 ./Of#00 0 OF.0A0 .000E*00 n0. 100o.
2'o *utoflE+0l0 .0001.0 *0( .0.0f .100L+.00 0. 10In.
260 nooF +()v .0o010t* *ooOI..o .000F+00 0. loic.

*001.0 .()notion .rOE+00of 400 .0 IOE #00 0. Ion~.
300D .nonE # ha .60 G 4013 oo~f +00 .0001.00 0. 100.

ASP LgYC(r,,-S)z m'2o (AS LAC(Gm-3)z .081

ASP C0U)NIS(CC-1)m AJlp, CPS COUuNSLT-1)= 2.

0411 GRAAS P~vi Cu',IC 1AFTEP a) 21. WICWON~S VFD1A?4 VOLUME IRIC fl1AMETERI

METEOiROLOGY' WSFAIkC#, Ic4C.
APRCQAFT ICING 5jcIP'UkT PALKAr



HELICOPTER ICING SPQAV SYSTEM 45ST FP JuO'-1' 31M

TA~t 0 1 10

SIANfl-OfF 01S1A"JCt ItO FLET

SAMlPLf TINIL 13b7:Wi

I SeLn .107E40P 54bE - 3 .1?- 03 0. U
b *>Lu14IOPF +no *13Sot-0 1 arlut-op 5. S.

Q1m+6 . b *7Oe' Ib4 *~u-0 1Q~0 ?3 011. 2fa .

15 .1 7b1t0 . 1314 It * fl7 *30qf- 10 .0 3f - 0 1 21. IF.
1 ( L3~j#,1 5 SE * 01 el'f 0195a -r)? I10). t.

21 LA JIE,)7 *lu#7 .209F -61 *b47E-02 7.

30 .94 7L # t) *3l 0 1 4#*o130 -() I 5 uf o. 73I.

53 *7 1 O0 *?siUE4Of, *13SSE-01 .aslt-02 s .if
3f. *2olFf~ *,)j .6 1 f *0s .638t-02 .? 5 -02 2. mc .
39 1 lfe.Oe eC33E +n5 .hQk 0? .?OSE-02 2. 8?.
.j 2 .131 f *00 .'3 L *5 S (O7 L- u2 . I tqt 02 2. M3.

o' E 0 I .eAt 4 5 .31 ?f -02 .1 AU-0? 1. , 5.

So R3# s .131t +*O" .7%Ot-(I, .*375SE-03 3. A7 .
80 30?t# (s . IQb.E *0 .1 st 0 1 .526E 03 1 1

10 0 72 if+0a *3e0?E*03 .379f.-o2 .18'1-03 41.

ten *17 It#)0a mHftf # 2 *bnt ? .8021 04U 93.
I Ju q I sL #)a *204F # 3 se#t -Uie .?qtk-0 2. Q5.

IoII 0 .2S'. S()3f to? .2sut-li .127st-03 3 . Q

?no I 37t l o.A,4E #02 .'73F -0? .28ht -03 12. 0.
220 .0-O t'( (oot too .0001 4 (O .0001 *00 0. 1 n

.OOO #0000F #00 .000t400 .OI00 0.o 200.
?00 1) 0 L) 4 .1 vAof * 0 . 0 0 P j a .00 Of4 00 0. 10no.
2to on # .Qi .0 6Of1) o .000 +00 .000E+.00 0. 1 00.
300 . 0n +.00 (1u OE #0 *o) oo .006 (i.+00 0. 1 JO

AbP LAC(6IA-3)z .dak CPS LV (G')-3)z .053

ASP cuo~t(cc-llm S10. CPS COLINIShL 11-1 )z

.?Q GR~AS PtPk ludJt MFTEk a) 20. M~ICRONS W~ED0, Vj0LllWE7RIC OlAmFT19

MiLTEJJIOL0i Qf SLI.WCM, IfiC .



HILICOPIEW ICING( SPR(AY SISTL"I TfST FOP. JOt-1IH 31A

TAPL 4 110

FLIGH1T a 10
S7AJ.*4O-FF DISTAJLE 151 FEET

IATtpi FL(Je. NATE U 5. GP~
SAPLF TIME juJ 0: 9

3 *%n7E4u8 *1e91,e. 7 1 t4-03 .239k-03 0. 0.

9 *hP;E +IPA .?9f *0# .331E0 -()I . 31 9fo . 13.

12 5L+#4 *MOQF-01 . I36E-0 1 1 1. 21A.

Is ?;3E+OAM .77bF.07 .. 1?U I 37F -01 1 1. 35.

1 A , 12LL.0' *ul3E407 .37Af -01 *l?6t-01 10. .

*1hQ'.E+07 .231F+07 P,336f -01! 1 f2F -0 1 9 3

21 3AM;L+07 . IE*"i7 .?79E-t1 q93of -(? 7. el .

SO II IE +u7 *37flE.0E .157E-61 .523F-02 so e.

1,R2Ob .?4 0 .166E -01 .553E.6? a. 73.

3b392F +ib . 13 1E+O', .95BE-02 .3 19E-02 3. 76.

39 *22E +)b .762t~flb .7 10E-0? *?37f-02 2. Ilk.

* 2t)i E 4ut' 1 *I7 1 t+ O .125E-01 . a I -0? 3. e5.

00 .133E+06 *bt,3E+ )41 .1 SOF- () I*750E03 4. sq .
*1q92t + 0 .1 +0a10 5E-0 1 *S2eE -03 3. 9?.

I0 ?I lE4 'lp b03E*03 .631E-02 *31SE-03 2. q3.

1?l b.bt 41)4 . u E +(,3 .I02E -02 .a1f -0 3 2. 90.

la 0 .5r)3E*nI .277E+03 .795F-02 .3q9ME.03 2. C48.

10 .?3 ?E + ;J PII QE*0 3 508E -(I? .2saf -03 1 . 99f.

l* P?7E4U4 t)315[*o,? *3.E02 .19aJ2-03 I1. loo0.

200 .0o~t *on .oonE*00 OOO2*O0 *000EOfl0 100.

220 . U'nf+ *OO.0 .0002400oo~o *0C0F.0O 0. 00.

2.AO .0 OOL+ 00 oonL~E*Oo .0002 +(10 .0002.+00 0. 100.

2ou A~*ooF4' DOOF*O(- .00024+00 UOO02+00 0. 100.

290 *0oOEoo of .000t #no .0002.0+00o~o 0. 100.

300 .okoE~iPO .0OLOE00 .000t400 o000E.00 0. 100.

ASP LOOC(Gm-3)c .323 CPS LVC(G'A-3): *0bQ

ASP CLUNIS(CC-l)Z 379. CPS COUNTS( I~)t 1.

.30 GAS PEW COHIC METER & 21. MICRON'S OFDIAN VOLUMfIPOIC DIAMETEW

METEOROLU,, PESFARH, INC.
AIRCRAFT ICING SiJPFIktlY PACK~AGE



HELICUP~T.R ICING SPkAY SVSTEm' TEST FOR JIJH-lH 318

21 b/go
TAPE & 11
FLIGH~T N 10
SlAiv)-0FP OISTL.NCL 150 FLET
,,ATtQ fLOv' R~ATE LO lb3. GPl
SA"PLL 71'if 1lJtu:3A

DiA-'tJLw jiF'-) jM3 .. ) MASS(.,P-3) MASS((,W-3tLII) PERCENT CuIA Pf Oct,, 1

I ?ll0 .87lE4flh .3bqf-(ia .123W-l 0
b 39*F .115E-01 .3$ut:-02 1. 1.

Q *?bOE*eO$ .?q'f -01 *Q3 -02 4. C.

le7EC .172E40R o~bst-01 . I btFl 6. () .

Is .?Qtlt4 0 8qbuE~fn7 .522k - 01 * 174 f -O 6.1 17.
e 87 w 2ut +u7 *S72 -01 . ME -01 7. 23.

?I .I I nL(n .867E+07 .53'J -01 .1 7$F-01 6. so.
214 bqEn .23?L.07 *SOME-Ul . I if-()1 6. 3t, .

27 .1L+7 .70f407 .525t-o1 .1713J-01 h~. .
3() .29 1E + (7 *9bqE+Ub . 4 1) f.-0 1 . i 'STE -0 A . 47.

31 .23Cf*(7? .7M4E4ue, .4143f-01 *IM$FE-01 C. s?.
3b AAf+07 .3b9E~0Eh .263E-01 .97BE-02 3. 55.

39 .523F+00 .174E.Ob .lo2FwOl .541E-02 2. ST.
42 .7lqi~nb e~j0E~ob~ .279E-01 .9lt0 3. 62.

*5A.)9,E fOb .3b3f + ot .23&4E -0l .779E-02 3. 63.
bo .b51E*'ob .325E+05 .736 -01 S3bK~-02 9. 72.

KO .225k4'io . I I4E* 05 .612L-01 .306E-02 7. 7Q.

100 . QABE +05 .49Q4E+04sl *,7 -(I I .259t-02 6. t.

120 .19L~ Q (S .i cc+0 .289E-6'1 .14at-n? 3. tI4 .
I14l0 8l$3)uC + (1 Fkqt+3 .?Ssf-e1 I ?9f -(? 3. r

260 .F3,L # 14 *'j1LE*03 .17'F-fil b6oot-0 5 2. I.
160i .2biL*04 .121L*03 .776t-02 .38SE-03 1. 95.

Ik)0 .17L+. b i4 E 4 02 .573EiOP .286f-03 1. 
9 r).

220) *2(tE(f +741k,0? .2 t - 0? . iIt- 51.03

30 0 .*00OE~ + .onoL+0l .000u+.00 .00nE~nn o0. 100.

ASP LAC(GM3S)z .513 CPS LtSC(Gk*-3):- .3M5,

ASP COUT1LS(Cli- 14 . CPS COUNIS(Lif-1)z 7.

.84 GRAAS PER cu~aIC PETER a 33. MICRONS MEDIAN VOLUMETRIC DIA14EIER

A1RC&,AFT ICING SUP(Jwl PACf(AGE

6L -



HLLICOPTER ICI-4G SPRAY Sysifo 7Es7 POP JuN-IH 318

21 6/80
TAPt u 1210

PL1JMT s 10
S7hNOL)-OFF VISTA'vLE 150 FLE7
.. ATfl: FLOA WtTE LIF he. GVN'
SA14OLF T14f 14117: 9

QnF#D onf*oo *000F.400 .0oo0 *00 0. 0

,32LO .52E +0), .I $ *19-0 *364F-02 2.

.7r +) .QE~p .285F-01 q9f~9-02u

Uc2q +v 1bbE*06 .4511 01 .lbCpt-0 12.

Is .3l7tr40l *10tt.'ne .5594:" Ik-'I,

21 *1flM04 * *3e?E +07 .*526E:" 175I -b A.3

2.' *5Q%)E ,7 I I 9F 47 .130F -01 1a 3L 0 1 6. '42.

I r .2 1bE + 0
7  *719L#Vb *305f -l IicLPl-"

34b Q47L#Oo *3 16E #Oo .23 1 F -(1 *7 19P-62 3. e1

39 *l0E +0 7 .3'48E+06 .325E-01 .1 0 pf -- S.

" 2 *%ARE+0t *196~f oe *2debf-01 *760f-02 3. 69.

U5*1Fo53 1 E Ob .187L-n1 .621F-02 3. 71 .

of) *3 4 V " .17 2t 05 *3 8 Af- 01 *9Iq f- (2 6. 77.

st018t+1 59~u .316E-01 *IrAt -0 ? 5. b2.

too0t *e2 7 L*1 .313E+44 .3213 F -o *11AE.J-025.s

126 .337L#05 .168E+0LJ *305E-C1 I wi -0;> U.1.

16 *A7L.(0b .533L,03 *2291,(l I .I /it -r ? 3

I Au 35L'Ja *31$F*03 .*194L-,, I 7(,F-03 3.*

200 .(OE 4 .000~o.000*OEOO*OE+00 *0OOE400 0. 100.

240 *OO on(k+00 D000E+00 . 0 0( *0'0 .00 1 ,0* ,

2AO .*0A Oo* .(In14 00 . 00(44I + o -..

IUD nOOnE401) .000E400 *000tuo *o1or.00o 0. 10

ASO LAC(GrA-3)x .500 CPS LAC(G-3)2 .240

ASP CiOi-NTS(CC.1):- 299. CPS COUNTS(L11)z 1

.70 GRA645 Ptk CUMIC METER @ 30. MICRONS MEOJAN VOLUMEIIC DJAME Ilk

MTEUO'OLuLY RFSfAPCI, INC.

AIRCbWAF1 ICING SuP(UIwl PALKA~t



HELICOPTERI~ C1J(. S9'OiAf SrSTfO TEST FC JUH.1P4 31A

1 APt 110
FL IGHT Sj Io'

AAIFk~ FLUM RATE OF~ 1(j. GP"

3 OnqE400 AnOEoo .OOOE. *Of) .000+00
b .95"E +OK .317E+OF *17t,-)2 . 3,IFkf.(2 2. 1 .
9 .7a4~E~*ur ?L A I)F *?fluf 0 1  .4"e6t-02 U. b.

p* 474L*AAiSmEns *UL29E -0 1 .1 Q3f-01 7. 1 3.
15 P A PE * A *Q'iF*07 *U9QE - i * rIA 2".

itt 11 tt +05 *06n7 .50? - ~ I I C. 37 .

fA,? *u52 7 .21:0 .71- r /.

33 . IAbE +0 7 *bpi f4(lb SO I30 *1 1 V t
I %Q)nf:Ob .3?7L*Ob .239f- I *7C N-4 - *

j, PA2E+A! p2Iak*Ob .?23u- I .(,I?

us*z-l*f 127E40b *LIef-, I I*
1
%E- f, 7.*Q

00 .'QE6 I1QQE-+OS .445OF -0 1 2?f-0? 7. k.
8 f-#0ksoAm .354F-01 .177k:0? S. q2.

ion *21 7f: O IOAE4 I I *lUL-0 I SAF-03 2. 914.

IU bE0 .3UaE,03 QqQ(:-O? 4%t7f--03 A
I t-00 ol + n *0C0E00 OOO0F+00 .0noeton 0. 04

I RO .25UE.0u 1 ?7140, 77tf.-O? .3A8IE-03 I . 99.
20m n #O P00~0 Dr0~ot of ODO 4' tlU( (rt.+00

2400 D+0 ) OqP1E+00 0 ot 4 *n r

2au .*01)ELuo *0 n nt 4nu .000i4( *CC 4 (f .,1*.

t"1 0f41' OOE#00 .0OOF4, * ~r,' 1) t
SA0 n0r1E .4AO) 0 000E .01 11 FOF. 4 0' 0, )

ASP LkC(Gm-3)t .512 CPS Lv.t(Gm'-3)z .19fl

ASP C~juNTS(CC-l):- ?Q1. CPS CptJNTS(L1T-J):

'bu GRAMS PEN CU41C METER 6 29. MI CR01S wf rI A', V'CL OP fT I r Ia F 7

MEtE0H0LOGY RESEAW04, INC.
AItCtR&FT I~CN SUPP'TIM P&tCAGF



HELICOPTER ICING SPR~AY SYSTEM TEST FOR~ JUH-lH 318

?/ b/80
TAPF 0 110
FLI(~'t x 10
STANO.()FF VISTA'.LE 15 FEET

WAUO?. FL')A PATE UF 9. (,pM

SAAPLt TIME lLJ1:5A

F) Ia AL TEW NtUliiLw('-3) NU~mtME (M-30-l ) MASSrGMI-3) WSS(GP-311-1 PE~zCff'T Ctu PF ICEkl

. 261F #n7 *871F.U6 *369F-Ou .1231-o'J r0. 0.

90 Q14O *43#E0fAM.11 2F -)1 .374F-02 2.?

*721L+014' .2(F0 27SF-01 .91 7E-02 6. b.

12 QbLo *1b't~,'p *42lE-ol .140f o1 9. 17.

is .25?EU "AeoF(?aasf-ol .l'A8-O1 9. ?t%.

I s 1 1E +0 .*'eQ t 7 *3 0F - 0 IlJf - 0 1 9 1

21 A69~f + ^37 .2QOF P7 .a2l -. "(F-C1 9. L3

? 44 ii 7nI l5AE~fn7 .3Lh3i -:I .1 1 7.

27 31 7L # )7 .*Ar#07 .327t -I. 1 7. ',7 .

3fl .216L+,07 *75E.oe, .337 - I1I-' 7.

.J2 U51bE * it, *1SPE.O *o'1 7 7f' 1 ."12

a15 *39?L.0a .1 31F +ob lF7F-'~l '

h'W *307E.0O .1saJF4or I3J~- I *J7L:F-i Pc
*ohlE#1 339E*04 .*18'l(- *Q,)Q.,) Li.Q

12 7O0 +( *35,4F +03 . #)41 E-()? *3?1E.O3 1 . QQ.

141 *7 7f +1)j *30F 03 .*398E-02 . 199t .0 1 t.4Q

1mn (00Ll~'~ +000,0f noFA *OO O000f +00 D. 10.

*I 0,)4))OnOF+Il *OOOE*00 .C0V#00 0. ton.

22M 0~ * on*~ . IOE.) nfOOE400 *OOOE.0o 0. 10").

2u 0 n~ n.0FE4oo .(OAF .('(, . opo +10 0. 1 11(l.

20 pj*o.noOE0~0 no-OF* rC .f.401- 0. 1!>

2A0 .0uoE~o' .('00F +00 .OOOF*(.(, On Fi Y

300 *OOOE.oo .0n0t+00 .001-' 4 1 j'

ASP L*CG-3)z .410 CPS Lv.C(Gm-Dz 10oq

ASP C0.JNTS(CC-1)z 28P?. CPS C0UtNTS(LITI)a 3

'419 GRAMS PtIk CLIC 14ETER a) 25. MICkOkS '-ENIA' Vl')'-ETS.C rl~r~Fw

mETEOPOLUGY RESEAR~CH, IN(.
AIQCPAFT ICING SlIPPORY PACKAGE



HLICnPlEk ICING SPWAY SYSTEM~ TEST [IR JI1tl.IM 318

TAPE v 120
FLIGT1 ai
STA'41).UFF DISTANCE. 15n FEET

SA24PLE TI'IE 14*e3:5.3

j~ sitIt w N'11L (,A- 3 -LJUP(M-3U.1I MASS(,P-3) MASS(611-3I.) PEPCFNT CLIV PERCtA&T

3 *Q1A4E.C7 *3ObE~fl7 I 3nFl-(.3 U33F-ou 0. 0

b I IIf *)Q .11f~g .126E- I UotJ-o? 2.2

12sIP AV 71c 1 b3f -01 .150~-01 A. 16.

15 .7,n3L~ok4 .101f +OM .536E-01 .179F-01 20. 2t,.
.10.~ I*bOOE# OM*SSOF-01 *1831 -0 1 10. .

2* 11 .uOu .371E07 '54j0 -0l 1 E1 An IA1(1. 'Ab .
2a "z t+01 .107F*07 . 42 0 1 .1 u3F-0 1

*SSuO 9F+07 *1 Ib14+07 *U21 -01 I *14 ( IFk. s e.
30 *1 st, * 07 *b.? I f+ b .2b3t( - Ifl7f--0 S e,
33 lbfF*07 *53jt 40 *i .30 1 F -4) Ir t 1.5~O 71.

36 *11$4tu .3Q2E+Ob .2Fk7f -;1 .914 5. 7.
So .5P9F.e * 19 6E +ob . I (k3 - (I . 60 e2 3.
42 be53E + t,2 *14~f * h .2sl2 -I 1 i5 rr

45 .a25E +~ o au I *f h .2 F - i *t)756 -0 ,

ho *?eSE+Ob .1 33C.A5 *3nof-C1 .IspF _?al
RO 0 euJf #Ili *121E.au .17? -VI pbc1E-r13 C 7.

200 *1 u5E05 .7?3E*ti3 .7S7F -* e 37Q4 -r3 I1.
1 1) *3)LF *()u .177E#03 .*32 1f- r? I t, F .6 3 1U

I *si 11L77E403 . 795f- r? *391-0 3 1 1fi.

IbO npE~nO 00O.060 *00(1f400 0. Ir

IRO .0c, Ot.0 OOO00 *0OOE 00 '00DE+00 0. 1 (in.

? ?n .1 M E, *.100 *OF+t 0 *OnOE ol0 *OnF.o 0. 100.
2io oo 430AA)L00 0oof.ho .0001,#00 0. loo.

*fl ot)00 *OOOE+00 . OOOE +00 . oo000 0. 100.
2 *1 ju .0 0 AE +00 *0ou.00 *0 ()0 .0 () f .Io 10.

3 7E+( 000t.00 *0 0 + .0 *0r)0 t 00 0 . 1(0.

ASP LovC((,m-3)z .-447 CPS LVI-CG'-3I: .100

AS COUNrS(C-U: A29. CPS CnOhNT$(1-1)z

4EIEnRfOlLDGY RESFAIPCH, INC.
AIRCRAFT ICING SJPPklI PACKAGE



hEL!COPrER ICT~qr, SPPAV SVSTfA TEST Ft)P JUN4-1H 31F

T40E 0 1 1

AATEk FL0.4 RATE OJF 7. GPw
SAM"'LE TI'iL lu*2 c,:5S

g\A4ET~ %~')(I3 U%*ER (m3i12j N IASS(GK.-3) 'A5C.31)PfRIC NT CIJ.4 Pf~ CtN

3 *?N4. 7A3E#07 .33?F-03 .f0.030
b 2 UlE+OF .139E-01 . *ti F -02 3. 3.

704C *(1.4 .203E,0IP . 335F -() .I *2F- 0 1 Q
I? .',1',tOM .172E+0O' *'joer-01 .i9c-ol i. t.

P9*O, .QQOE+07 .525E-01 .17b -Ml 10. 27.
. I *tO *,)A .')321 07 .aL-8F -pI . IbMt-0 1 9. 37.

21 *97~jE07 .3?5t.07 *L'72 -n I . I 7f-0l 1 9.*4

27.u +)7QbOF.ob .303E-01 *11 -0 1 6. L
30) 170 f# n7 .5bbE.Ot, .24L-01 .MOIF-0? a 3.
31 .150E+07 .501E+0h *?81E-ui .0'43t-02 5 b

3* 101E+07 .338E46b .2u7jf- 1 .A?',)-O? S.73.

,4 3? +006E.1b 1:E0 .181E.0(1 Y 7 .09- r? 3. 7c) .
4c; *L9 0 t 0 .I t,3 E, 40 t, .3 4 - ,1 *77 Q 0 2 14 . A3.

*( 11~o .1 937 E. + S354v - fl1 *7T~ 7 0 Q7 f, .
AnI "1£F +, *s 571F494~ .30tE-' I I b3t-0? h . Qt .

to(, *£4E#,,4Q2E+03 *.0)F-02 .?,23 2 I Okt. Q7.
120 *1 (E + 0 .5,32F*03 .qoeE -op F I P- ()3 2. t.
1140 nncl00+(W) I OOOF +Of) .OfloE + ()OF #oO( 0. Qr.

1~0 i 27E ,A .0~5E+02 .3FB-02 t Q4t -03 2 . j
200 OP +.i noo0F~on .00OU00 *onfooE0 0. 100)().
2?0 OrO +(11) no()E *no .0noE +00 *OOOEofl 0. 1 AO.
2'Jo nnnL~uo .000E+00 .00OF.00 .OOOF.#00 0. Ion.
2on . nnOF +£C *00E,00 .000F400 *000F#00 0. 1 on.

el nl 0O+()0 *000E+00 OOOL*.00 .000t +00 0. 100.
300 *000L+00 .000E#00 .0o0E.oo *000t.00 0. too.

ASP LOAC(Gi-3):- *UuS CPS LVC(GMA-3)c .12?

ASP CflUNtS(CC-I)z 3':. CPS COUNISLIT-1)z 3.

.53 GR4OS PER CLJb1C mETER 1 ?4, 'M1CRON.4 W'E01A' (ULUklmlYI IIAVi Trf

mkYEV£ROLIGY RSFA'L,', INC.

AIR~kAFT ICING SUPP~kl PArKAGiE



HELICOPTER ICI'4G SPPAY $SSI~' ItST PI.W JoHJIt 31h

2/ b/80
I APE & I110
FLI;HT a 10
StA'jFl.OFF DIST41,0 I so Ff fT
e-&TEP. FuLi. NATE Orh (P

SAMPlf, 11I4 la?7:0j

3 *n on[.on *O0oE 06 I A0F +00 .000E#00 0*.0

?bF h klf 0 .QF0 2.
Q L77, (l jL~A ?O - 173U ()20 b .

t 0 ,k 57*0 31 b1'01 I9. - 2h,.
I #* 37iL~n7 sunf, D 1 -130 1 q3S.

2.4 5 n 1 '7 1117 E . 7 1 2 3F - 01 Aa3F-O? 7I
2? .?3;E.Q07 *7AUE +of .2'J?101 I AF E - 02 7.
3 C. .12.t*07 Q I 140 #*1b75 -0 1 .5esr-O? 5. .
35 1 Afi2 E + 0 .2 4 +A *te, b F- 0 I *5 3E - 1) 6 ;17.

3t, ?5fom u2* n" lut 401 .3"tF -02 3. 70.

a ? ItA i)h.,'AF n .30 -(? ?IIF O?2. 7 .
13 E+ )b.(4of*n c23f- l AIA .(172? 7j.
I ?7 0n 33t+ ' 114If- 1bF- , 76.

90 9 ? I f o 4110E *0 41 2(1-i .I IOF-()? e,4
I () ( IJ 3 +0S .57F 4 n *I bQ -C 6Qt-3 ~ j ~

170 .1Q5E 4'tb .975E+403 .1t7 1L' _o~t3S.1
In 1533 1Q 12 77E (,3 *795 -0? *3qp-( vj ?I.

1)s*i 7 hF 0 3 .7t Ic- 6e .3')1-3 7. Qz
I i)., U I- 2 7E 4 0 .7 7 t.F - 1 .3A A . 2. 1 C.

20n .000E000,C .000)E*00 *Oor)-*00 .A001.0O 0.
a.0001E+1, f O 10O~ 4Or 01 .OF * 1) 0. 1lOX

IQ0 n 0 OE * 0 *00 Vr400 o , n0 n *0 0 1 0 P0 t0 0. 10on.
2b I00 n00O(4*00 *ODD[4 On .000(4+00 0. lon.

?A r *0"fL.O' .00E .00 .000F1.00 .000E+00 0. 1 C
300 .001E0 +on4,0 .600tf*Oo AvOF 00 0.100.

ASP L%%Ci&A-N)z ?~7S LPS LPC ( G'A-3 I I n

ASP COU1TS(CC_1;: 21P. CPS COUPTS(121.)z 1.

.31 GRAOS P~ Cu4]( METER & 25. mlCKMoS w'1l AN VO0L UlkTR I DI A~f TH

METEOP4OLOGY Of EhPCo, INC.
AIRCR~AFT ICING S IPPr]St PACO 4GIE



HLLICOPTR ICING S;'.AY S'YS1Ek IFST FOR JtJ9'-1I 31"

TAPP a 110
I LI( .i 10

STAPOFlF U~lSTalCF 1150 FtET
UA1IFI FLUA RAIP UP S. C.pr
SALL TI'IL J31: 3

()IA It TEP NkliH~k(i3) rjiIMRFR (M.3IJ11) f,'ASS(GW-3) MASS (G1-31'-1 ) PE RCFNT Civ PF~rE ,1

3 *lP7t*0A b??F*07 .2b4E>-O3 .679E-Oi4 0. 1

Q fh~A .2leE408 FJE.1?5t-02 6. F.
I1? jr.7 F + 06 *1 QFl * *3?3F-01 *1. I t- 1 7. 1 b.
15 .2in .b 7tF +A7 *3bqE-O1 .120Enl 8. 23.

1 "A3 7 1 #0 7 .34 f E-C I113E - ( I R 31 .
21 *.7 3E L.I 0f 0'

7  
*?2uE,7 .32teF- 01 .19-7. p '.

?" .?t(7lMLn 21E 780Pf-02 5. 43.
?7 a7F + o7 . 4qnF + Of .1521 01 SOSE -r) 3. 7
II 99P+0*3?7E.Ob .139P-01 .4b?E-O? 3. 50.

33 *751+(,b .25nE.06 .141E-01 *'J71E-0? 3. 53.
3t) I51.' *74E~nt) *l?8E-01 *426F-02 3. 56.

39 .42t~ I~0~0 *1?406 3E-01 .440F-op 3.SQ

60 1 75F +(,e Pk7uE*0 Ou I98 -0 1 qhpF -0 70 .
A DS .339E+0LI *PPE -(I .'If -0 3 4*7u.

100 2t65F +15 .I33E +OU .3qf -0 1 .694E-()3 3. 77.
120 .195E *05 .975F.0 (3 1 7tE' -() I SF1F-03 ii. P I.
I'40 .553E#A'4 ?77t +0 3 .795F -(? .3qpf-03 2. 63.

*o)7 1 1L + u .3S6E 03 .153E-l .*7t3t -r3 3. Pk7.

2An+0 .6MLJF*,0) .573P-0l2 .?R6F-03 1. go.
220 OnnfE#()f .000E+400 .0O001 .000P400 0. U
2a0 .1t)2E4'lj .h,0kE402'*1*O *SA5F-n3 3. Q3.

pft0olnE+00O rO0AE +mo .oof +on OOOE0E0 Q~3.
2011j).o( *oAoL.o .000f400 .1700P-.00 0. 93.

ASP LnC((, M-3): .?9t CPS L..C(Gv-3): .176

ASO COUNTS(CC-1)= e71. CPS CtuuNIS(L.17-1)= 2.

.45S GRAVS Ptd CUHIC METER @ 32. wICPONS MEDIAN VOLUvETRIC DIAMtTEW.

mLTf.UROLO(~y RE SFAkrH, 114C.
AIRCkAFT lC1jr SJPPU)WI PACKAGE



HELICOPTER JC1N(. SPR~AY SYSiTEV TEST Fflw JUH-1IH 318

7 APF 11 11?

FLIGTHT x I?
STAh'-O~f D1STACE ISO FEET

AAIFk. FLOA- RATE UW l, * fP"
SA-PLE T1'-if 957: 1

ul"tE NUi L) 4F 3 Ru~~(~I. ) oASS (Gml-3) A ASSU,30-l1 PFPCf %T r'lv PELCtANT

3 ~ ~ b14.' t0QE407 .2 AF f-03 *b1 E -0L *

lo . 1.

12 F r)' *b I M01 *0,-0 1 .

3 it .l'L
0
9 el .66O0 (II22o0 -1 9.27.

2 ?1 +l~ r * 4J r,7 f,:t~ 01 * 23n-0 1 In.S~

30 F+m 4L +29E0 079E'l *29bf -n I *.Q 1SE-02 1

I3OSE4i *07 I?-01 .7J9c 3.7

3 Qbl ,t *0 7 E ,I 13 E -0 1 h"S3f-0? 3. 72.

*19e, +1) IQE otb 22?F -0 1 . 7 b0E- 0 ? 3. 7 r..

'4 32 b1.E~ ot1I 7F p I .*b23E -r2 3.7A

lt*t+ e AIE.0 *iisOOE-0 1 . 20'jo QF- e.

5 )6 ob5; 0"2 5E- 0 1 . 33-02 Q3.

I ?0 .17 7E*l.' A#41,E +n3 . I toF -( I F02E-03 2. 5

14 ?5 4 b23f 403 .*17QE -01 *M9u -0 3 3. a

2i *3 7 E~ +1 IQF *.3 SO 9E - (? *25uf -0 3 1. 99.

A 2 039'j mb 'IqE -0 3 1. qQ.

2' 7t*(' ME+ ? .73E -02 *2HtE-03 1.0 lC.

*it00n". )P . ( *0 nF () *O0of #00 0. 1(

*0Ue.0 * ro +)00ofE00 .oOE+0() 0.

2e Anu V) t 0 n 0()~ 0 * n () 0 * 00 0 0 ~
In o0 f0 (I +09 nfooE+00 *OO0 *00oo 0. 10

ASP L^C(Gm-3)z *50 [PS LIC(Gv3)z .201

ASP COUNTS(C.1)z LJjJ. CP'S C(JUIS(LIT-1)=

.1I1 GRAwS Vt' (-'il11 HE TER 01 17J -]CkoPtVS A[01AN VOL Umf TPC FnJAU't TE

mLTVI1ROLUGY REStAWCH, INC.
AIPCRAFT ICING 5'IPPIIPI PACK~AGE



HL1CUPTLIk IC!\G SP'-AY SVSTL'A UFSI POW JlJi-lIH 31A

TAPE 0 1 12
FLIGHT a 12
STA'.D-OFF VIST ACE iso F~ffT
6ATEW~ FLOA WATE U 14. GIvM

DI Akl TE NJR~' I)3 VJP LP (-A. 3 1
1 1) kASS(Gm-3) MASS(rw.31-1.i I f 6.r T CUM' PEWC ,1

3 IJOE-114l P2otE-03 t~t7E-041i 0. P.

ft .9E+,QI~0 *'OE 0? 2. 2.

9 .127L+U'Q *'J2PE.0I .'~k3f -( I *IlF -0 1 ~ .P

12 .797E+AA .2b?f 4 ok .7121 -01 .237f-01 A . lb.

is uo #. £JSOISiIF *OF, A I0I *if - 0 27rnF.Oi 9.2c

?* Q 04tQE 9hF-02 *3 bs - 0 2 0. 'JS,.
*>Q)?t 3n11.07 *b53 0 1 *? I p -0i1 7. 1

27 .SmE 4 07 1 
M 2E +0 7 5bt -f n*IIP7E-01

so .3?3L.+'7 *I OFF.7 .457E-01 I*l5?f -of I . bli .

s3 5 .?94[+07 *.'J7E+n6 *535E -(l I I7AE -0 1 h 71 .

Si13 7E +0 7 *u 5 7F+ob .335E-01Ii P *i2- 0 1 . 7'i.

3q *I IRE +'17 *392E # Ob .3(5F -n .12E0 a. 79.
'A.51 ) .bE#n62 ? k F-O ()I76OF-OP 3. P I.

145 .15*T5 *6, . 5op 2b5s-i -01 143t 02 3. miJ.

ft i St 17E*09 *35uk-ul I *177t-n2a.m
A n1 43F 40 r .li1hEtflm *3F3F -I .lqiF-Oa 93.

1 t ,It.c ?s~u276~F-0 1 .i3Qt -02 3.Q

I 00 ) .532E.03 *9 tE - 02 . 4 AI F-f 2. 7,17.

14 53+)j .277E~fl' *795E-O? *IQ)AV-03 1.9b

2 S .LE! ~ .1?7 E 03 7 7 b F- n2 *3i'M -0 3 2. 99.
200 *17 f + o 4 *b M~ u +1)2 573F-02 .2 A t-0 3 1 . On0(.

220 *0 " + 0 .OEOv 01 .O0 D .OnOtoo. 0. nfo.
,3.11)0 ri0 .o' .600E~fO *OOOE.40 00 0*OE # 0 00 n~(.

d2O 0f *flOO+Et), .fOOOF00 .O0flF.0' .0 ()OE 10 0. 0r

3n" .qoFoA .OAOF*00 *00of40o .( ~ 41 0. 1 no.

ASP i.AC(G'A-3)z .73o, CP'S L,,C(GPm-3): .179

ASP CdtJIKS(C-ii: mh9 b. CPS COUNS(LITI)a

.637 G0'A"S PLk C10JMI ETER a, 294. MICRON~S PfDlAr, V~qUIMETkIC J01AmE1E4

AIRCRAFT IClNr, sOPPrW7 PACKAGE



tLLICOPTER IC1.t, SPWAY SYSTE' TE~ST F~ JUIJ2 3)tk

TAPL I H?~
FLIGH'T a 12

,ATf.P fLOf. wATE OF It. CP*-*

SA1
4
PLE 11'4E (JL7:5,3

? S *7$.9i0, 4[33~F -04 Izfl -Ou

12Q J #n)0.O .31 af +04 15uE -01 *1 ?o-()1 4. 15.

12*7-O[ Op ?1() 008 .181f~ -(11 6.-1

? t ak AF5if *7 O*7k7-ol .2tbt -(I1 9.35.

6ul iEo 0 0.27 ?E * 07 *.q IFfnI .qlf -n I I.aI

27C71 g'f *0 7 *ItE-() I 7.

30 *3'J'W40
7  I*I 3FO10 *(JeOL.01 I b0t -O1 5. S ?.

33 +,7Jpb O *t&5~f -0 *15?f-O1 5. 57.

3Q Q 1~5 k* 0 0 *3flSE.Oh *2U-1Qa~f-02 S. b'JQ

'5 ( ? I E + u * 207L+06 *2'itFE'l *Q R7t -02 3. 71 .

en *h971:*Ob i 3f 3E,5 .77 7 t -oI *3,84f-r? 8l. pr

A *E*n012 V 0 5bt *eF - 01 *33 Of - 02 7. 7.

I* i79st 4 )5bqs *Q,0LJ J)E1 liI E A 0Af A? a4.

12, 319 ') * 42FQE-0 I *I AJL'E-02 3. Q (A

I i II +(1F"I L,5; f4 03 *IQ-0 70SE-03 2. b

j n 7 1 1 +,. *35bc #03 .153f 01 *7&d 0 3 2.

Ia* 21t*-AI27F * (3 .176et-02 *3M04f.( 1.

20, 1 7E-1 Jgu *02 .573f -0? .20"~F -03 . Q

2* nI 1 *0111 t+ . A 2 E.(0 ? .onrn 'AI3 oA3. 00~.

2 ,n( nt 01 )0 0F. + 0 0 000L*0 .0001 +0 0. l0(.

30n ( *0ok(t * (In (o.4 00 *oOOE * (i *o00t 0 0. 100.

ASP Lo4C((;m-3)z bo CPS LvC(r;kM3)z .33t

ASP COUNTS(CCl)z 37A. CPS3 CQUNT-(LI)-- b

.q3 (.WA'4 PE'O Cw4IC mFTER a) 30. MICRON~S MP1r)AI. VnLUIMLWIC (ljAV'FTty

mj rEOkULUGY RESEACH, 114C.
£!.OCMAFI zCp~r, SuPWT PACKAGE



HELICOPTER~ ICING SPk'AY SVSlt'l TL57 FOP~ JuH-IH lIIF

TAPE, a 113
FLIG.HT a 13
STAND-OFF DISTANCE 150 FUTF
%AtER FLOA RATE OFV S. GP)M

SAM~PLE TIME fk*'*:%2

I)1AAETER NJ"REIR(13) NLJMBER(M-311-1 MAS5S(Gm-3) FWASS(GM311-1 PEH(F NT CLIm PERUN tT

3 *37o*LU8 19ot+0fi .80cE-03 *2b910n3 n. 0.
.1*~qb0QF*0p .20tE,-()I tAP -fi2 6. ,

9 .oQE+0Q .3t)3Efl .415F-01 .1 jFMf-n1 12. .
12 .508t +(8 * loQk+8 ijbof -01 *1 N3E-01 2 3. 3?~.
is .220L1.) .733E +07 .31k9E-01 *130F -01 1 . ' 3 .
IM m I17E.04 .389F+07 .35b-01 I I91-01 20. 53.
21 b~24E+07 .?n8t.07 . ;03F-01 .101E-01 9. e62.

27 .137E+07 *'157E# Oe) IQJIL-01 .147 If 02 Q . 72.
30 . 75 L.Ob *2bflE.0t' *I 0f -01 *1iSlAf-02 3. 75s.
33 *b2l E # b *207EOe. .11 7f -01 . 3149-02 3. 79.
3b . 327EOtb . n9E.ob . 798E-02 .26hf -02 2. (41.
;q *QAOE+,5 .327E.05 .300h-02 .*lofll-0? 1 . 82.
442 . 163t +0b SU4'1.Lbn hb3'jE-02 .2 1 t-02 2. su.
as 1 S2bL 0e) .5UU'E#05 .1779L-0? .2bot -02 2. 8t,.
bt j) . I qL 66 t * 9 3 E1)l .157E-01 . 78at-03 5. Q(0.

80 .392E+05 *19et+041 .0st-01 *52bE.03 3. 93.
t00 *Qb~*E,0 '48217+n3 .905f-02 .?521-03 1 . 95.
IPO *3'i'*1+0a* .177E.03 .3?1 E-02 .160E-03 I1. 6
1 .40 *?7 7E.h +*013MI1.E03 .39FE-02 . 199f -03 1. 97.

*11 QL+4 sq93Enp .250*-0? .127E-03 I. 48.
1140 .254t +04 .127L+03 .77bE-02 .388E-03 i. 200.
200 .000t.00 .0OO1+00 .000t.00 .0001.000 0. 100.
2?(0 .0001.0o) .000F400 .000t +00 .000E#00 0. 200.
2'j0 .0001.00 On00E,00 .0001.00 .000[400 0. 100.
260 .000E+00 non0E~no .0001 400 *0ont +00 o0. loo.
2040 oonLno *00of 00 . 0 00 +0 0 .0001 +00 0. 100.
300 onoE1,no no001n0 .000f+00 ooof1.on 0. 100.

ASP LW~C(GM.-3)c .29o~ CP~S LKC(GM.3)2 .065

ASP COUJNIS(CC-1)= 44'5. CR6 COUNTS(LIT-I):- 2.

*3'* GRAS P W CUHIC METER ao 29. MICRONS MEDIAN V0LU-EIPIC flIAMEYFR

m~lt(JInLUGY RESEARCH, INC.
AIRCRAFT ICING SLJPPIIRT PACKAGE



HLICOPTER ICING SPkAY SYSTF- TEST f06 JOW-1" 31ft

el/I 1.'/90
TAPE X 1 13
FLIGHT 8 13
SIANOL-OFF 01ST NCt 150 FLI T
WAE'P FLOA' RATE Of t,. G

SA"iPLE TIME $LUe':43

*3 .M?IL+08 *1.0 *QSE-03 IQLRE-03 0. 0

14 *13b.+.0'4 *.E,07 .4't-0 .IM5t-01 10. 1~7

21bQ3L~nl .2711-* 7 *33bE-0I .1 12E-01 8. 5s,
24 .2qlE.n7 qbqt+0Ls .21DE-01 .702E-0? 5. b.

27 .183L117 blt *116 .t89 -ol .0?8E-02 5.t"
30) 111 +E,0 7 . 3 70DE+Of, .157E-01 .52?3f-02 £6. b8.
33 *751L+06 *2b014'Ob .14£1E-01 IA71f..02 3. 72.
36 , *Ltob . Ib3E +Oh .120E-01 .39q[-02 3. 74.

39 *PQ.£E.Ob *QaBf * 0 q13F-02 .304~E.02 P. 77 .

3590L0 327t405 QbP,6E-02 . I %bE -02 1 .on

60 14L+O .37R(NA IbUL-01 .851-03 a. 8u.

120 *7 0QE 40 u *3 S &IF+ o3 ,'1IE -0 z .3?,1-03 2. 93.
I'Jobq#0 .3'£bE.05 *QiA£E02 .497E-03 2. S
1,30 . I IQl. I *S4.q3E*O2 .250Jt-02 . I 7t -03 1 . qt, .

I A0 *0oL+u0 nf1(1E#(fo *000E+00 .0001.00 0. ?.
200 . 13 It 4 J *e,2'fE.Q .573F -02 *2?8te1-03 1 . 97.

z20 .000E.00 .000E41l0 o0oof+a0 .0001.00 0. q7.

go . Ib21*#O£ *P,09L.E? .117( -01 .595F1-03 3. 100.
260 .000E+00 *00k1E * (t .000E400 .000[*00 0. 100.

2R .n IOE) D *0nor,00 .0001L400 .000t.00 0. 10n.
3 000k +(0 .*0 OL 4 10 .000Etuo .0o0L.0v 0. 100i.

ASP L#-t(GA-3): SSS5 CPS LnC((,m31:a .I102

ASP COUN.1S(CC-I1z uJ21. LPS COUK'TSLIT-I)r 2

a?2 GRA14S PLO tfldlt METER 4 21. MICRONS PEDIAN VOLUMFITIC PIA~k111R

ULTELIROLOGY wESEARL", 1-4L.
AIR6CRAFT ICING~ SUPPORT PAr.KAGE



HELICUPLW ICING SPRAY SYSTFM ILST FO J(IH.IIM 318

?/1 I/80
lAPL 0 11
FLIGHT 4 13
S7ANDf-OFF OISTA'dCt 150 FHTA

WAEI' FLIJA WATf OF 7. GPl~l
SA~IPLL TPAL RSFI:42~

DIA14 IER N04ERM N(ll~bER(m..3(J1 ) MA~S((-lV-3) MASS(G'3U-1I) PEKC'IvT ri'p' PE4[t Nl

3 AS+V *11f +oc *'Jt -0 3 .Ib3t -0 3 0. r).
b I 7tE + n*YSA5E+O 4I q *19-01 *bb2t-n2 4
9 1 25E 4 'IQ . 8F * n.IU *97F -01 .1b0o-fI 9. 1 3.

12 t,5E160 *?17L+08 SQ90E-01 .197f-0I It. 2'J.
Is, .317L+08 t * E014 *5bqE-Ol .3961-01 1 1 35.
1s *I bQ,+0~ A .5?E+07 . 5 15E-0 1 *172F -01 to. '45 .

2.11.iL+0 7 . 1 7.jt +0 7 .37SE-0 I *I b -0 1 7.el
27 .*2t, I E ()7 OA71F,0t, .69t-0 1 *8914f -0? "l. f)7 .
30 o i7bt +up7 5 88F *06 .24J9E-01 . fk31 -0 2 5. 71 .

3 8J9E +00 .283f +0E, .1601-01 .533E-02 3. 7aI.
3b, .7191.06 *240EOEb .1 76E-01 .585f -o2 3. 78 .
39 *55SE.O +oc I5F +0b .172L-0 1 *57SE-02 3. 81.

42 .392L +Oe) I3 1 F 4 0c .1521-01 .507t-02 3. fa
aJs .2tb1E+b .871[1 15 . 125t1-01 1 hf -02 2. o
60 .21 tE 0e) .105L+05 .239E-01 .11 QL-02 5. 91.
80 *baJ2[*O5 .321taM .172F-01 Fib t 03 3. a
100 .Ib9f +05 .8q4E+01 .883F -02 .U42f-03 2. qf,.
1?0 .177L+05 . 8l,+,0 3 . I 01f-0 1 .(402E-0 3 3. 99.
Iluo .00o #()0 .0 0OF # O .0001.+00 00nE+001 0* 99.
160 .217L+Oa .I1I91.+03 .50SE-02 .?50J-03 1I. too.
180 . 0001+ 00 .0001,00 .000L+00 Oook010 0. 100.
200 .000t.00 n00L#00 60001+00 .0001,00 0. too.
220 .0001.600 . opf)0#,no .0001. 00 oOOE.00 0. 1 no.
24I0 no~nL+00 UCOOE+()O 00ot.no O*oforO 0. too.
260 nonOE*on .000L*00 .000E+00 O00n1*O0 0. t00.
?AO .0 00f +0) 0 OOOF.nC o000+00 .0001.00 0. 10 0.
300 .0001.00) .0001.00 .000to00 .000140'n 0. 100IO.

ASP LOOC(GM-3)z .452 CPS LwL(G%43)z .0149

ASP COUNTS(CC-I):- 472. CPS COUNTS(LII-1)s 2.

.52 GRAMS PtR CUWIIC METER a) 21. MICRONS MEDIAN VOLUIVETWIC nIAME7ER)

ME1TEURULU61v RES~j&kCH, IN~C.
AIR4CRAFT ICING StIPPOWI PACKAGE



H1L1CP1.I ICING. SPRAYr SYSTEM TEST FOR JUN-lk 318

?/ 11/80
TAPE a 113

STAND-OFF DISIANCL 150 FtiFT
14ATtJR FLUov RATE OF 8. GPM
SAM'PLE TIME 8S5J:40

01AM'lTtH NLlIMRU(m-3) fUMBE1P(M.311.1) MASSG('-1) FAASS(GM-3J-1 PERCLNI cum PjwctfNI

3 .244JE+08 .(413f*07 .IUSF-cs '115F-03 0. 0,

Illf +0Q .34ts *0'.950f -P1 .1501-01 s. it.
t'Q4L+*0m .?Ib~t SfkSE-0 1 .IQel -0 1 1 1?2

15 . 34J~t + 09 . I I t b615f-ol .?05F-01 I I 3s.
.k .84*Abi SE*l'? SbH2Eo1 . 287101 I nU4

21 .10lf+06 .33SF*07 iss~t-01 t163f-01 9. 53.
2 a .'Q 0+L)7 .1 b I *n7 . 3%sf -01 .1 10f-01 sq S.
27 13171+0 7 *10rObf+ S327t-01 I OOE-01 6. 6.
30 .163E.Lu7 *5'44ob .2311-01 .770F-02 44
33 *015f+00 *30)5E+0O .172L-01 *57ML-02 3. 72.
3o *750t.0b .?blf#06 .1921-ol .63Af-0? 3. 76.
30 eb2lE+0o *207E,06 .1931-01 *b43f-op41 79.

.1 u2t oj2Lfnh .2651 -01 .s'jQf-02 3. 62 .

b0 *1q91s~b Q904L#0m .2251-02 .11 2F-0? 4. 8q,
81o .535f#.05 .268C*0'a 1 daj-01 .7217f-03 3. 91.
t00 .26SE405 *133E.0u t13qf-ol bQUE-n3 3. 90,.
120 .14?L+05 .7017,03 t12gf-01 b401E-03 2. Qt.
140 .5%NL404 .?77t+03 .95f7-o? .3900-03 1. 9Pk.
160 .237t.0,4 .11QL403 .5081-op .250~-03 1. 99,
1l~0 .?S'J17 4  *127F'nS .776E-02 .3#m8L-03 2. )00.
200 .0001.00 .*000F +00 *000E#00 .000E+00 0. 100.
21>0 .0q01.00 *onnE.no .000E+00 .0001.00 0. )no.

20 .00()f '00 .01400 G00ot400 .000t400 0. 100.
2w0 .000t,00 .000L*00 .0o01400 .0001.400 0. t0o,
2A0 .OOOE0oo .0001,00 *O01.1E00 .000F+00 0. t00.
300o nonE+00 .onoE+0D .000E*00 .000E400 0. 130.

ASP LvyC(6M.3)z Q'b3 CPS LvoC (A-3)z .105

ASP CrUNTS(CC.13z "84. CPS C0OJNTS(LIT-1)c 2,

.55 GRAMS5 PER CURIC ME'TER d~ 22. mICRONS MfVJAN VOLUM7I F EjAmETF4

04ETEUROLV(;Y RESE$ARCr4, INC.
AIRCRAFT ICING SUPPORT PACKA6l



?4ILIC0P11W ICING SPHAY SVST~k4 TtSl FOR JtR-Im 318

Z1 111F
TAPE a 113
FLIGm#T a 13
S 4,0-Off OLSTA"4CE 153 FLIt
nATEek FL.OW RAlt OF4.GP

SAA4PL1 TIME~ 957:12

3 '189t#08 *63?tk4f,7 ?P10*53U0.0
b *l 3 SL+QQ *4slff40p OF10 *0- 02 3. 3,

12 h?3f+OS e~0bE+0F ~ SbA5~t -0 1 1.

.5 ,330ftORM 1 f3L +08 .boof-ol *?0-1 133.

27 .30L+07 I I o + f7 . 34 O 01 . 11 R- 01 y . .

so bIL07 s5jSE*o6 .236E-01 1.7W102 a

33 .10')E+07 .34kE+0b lq97t-01 .6s61-0? a 8

36 *6!,3k+0t 211kF+0b .1bOE01 SWE21oz 3. .

39 M/4E0 J5'2E+4)f, .142E-01 *a7at-n2 1 4

u2 .342t'0b .13 1 t+06 . I SZE-0 1 .507f -(2 S. Eli.

as q?5L + 00 1IU.?14b .203E-01 .075E0? 14. q0.
*?23f oI 2E+ 1 2 1-0 1 . I16F- 0 ? 9.5.c

50 535E+05 Pt)mE+04 . I 3F -() .717-n3 3. QA .

.482E tol *2alF*03 .25?1-02 .?,-30. 98 .

.~ 006f * 00 .ooo0oo.oor0o .000F+ 00 000#0.f 9.

lag .13'Qsoa b692t40? I199t-02 *QQ~&0044 94.

100 O*lf +00 .00nt4no '0001.00 .000#.00 0.Qp.

180 ,0unt.ou .000E400 .0001.00 *0001*0 0. 9p .

?00 .000k +00 .000f *00 .0001400 .000f400 0. 9F.

220 . 1bif toa~ .7u)140? .8261-0? 0413R1-03 2. 1001

?"o *oo0t..o0 .000E#00 .000t+00 *000F*00 0. 100.

.00AE+00 .(0001400 .000t#00 *000t*0U 0. 100.

.8 .000E +00 OA(0L.no .000t*00 O000E40n 6. lon.

300 .000t+00 O000L+00 .000t *no .0001400 0. 100.

ASP 1..%C(GM-31z .&J73 CPS LmC((,m3l): *081

ASP COuN~T(CCl)a 90r'. CPS COUNIS(LlT-1)z 3

S~2 cRAM5 PEw CjtI.4r METER a) io1. MICRONS MEDIAN VOLOURIiIC DIAM1 TI4

MLTEOPOLUGI RESEAwCm, INC.
AIRCR9AFT ICING SUPPORl PACKAGE



IILLICOPTEW ICIN~G SP~RAY SYSTEM TEST FOIR JU1'-PI 319

YAPE a 1 13
FLli.Pii 8 13
STAND-OFF~ DISTANCF 150 FLuI
hAAt, FLUA RATE OF 10. 6PM

Dj A"LU N~ NI I %A iER ( NUM$1 3M3I. ) ASS(G.M.3) WASS((,9-3LI.1 ) P RCF NI CUM~ PtRLkKIT

3 InblL.l ~ *355E,07 *15IF-03 .562E-0'J 0. 0.
.11I7E+09 .3Q0E~f ~ .~n11*Qjf ~ P

q .101t+09 *35S1,O .384~E-01 I 28t -0 1 7. 9.
12 33t*0A SI.8.73E-(jl *191F-oI 10. 19.

15 . Sh3E40$ .l12F.08 *bQIE-0l .?ZUE-0I I .Z4

JA .1*0 73+7b53f~-01 .2114-01 It. 'ii.

24 SA-,L1nl *1951,r7 .423E-01 .141E-Oi 7. 5pt.
27 .*32 It+f) I . 10tiE +0 7 .333E-01 .I II f- 0 1 b. 64U .
30 .212E+07 .708F406 .3001-01 .100F-01 S. 69.
33 .13 1E +0 7 .LJ3bE+0b *2abt101 .8201-02 4. 73.

*b.15~b3 0Jc.,ob .223E-01 .74J5f-02 44. 77.
39 .490E.O06 *I 3FOe .152F-0 1 .507F-02 3. 8c).

44242E IOe' O I 65E-0 I *Suqf-02 3. it3 .
Lh5 u'2SE .Ot 41L2F + O .203L-01 *o05F-02 1. #46 .
60 .2bt+0 .133k.05 .3001-01 .150f-OP 91.

ek0 .963F4,05 *oQA EL + *4.25SE -0 1 . 129F - 0? '.95.

120 .132F+os .7flQt.03 *,?sF-nI .6011-03 2. 9Q.
IlO .oonE*on .000E+00 .000L.00 .0001*n0 0.Q9

lh .5b14lla .17A1.fl3 .7b3f102 .31111-03 1. 100.
1AO .0001,00 .000OL#00 . 00 0 +0 0 .000L+00 0. 100.
20() .0 u0 E0 0 .000(+00 *00O000 .0001.00 n. 100.
2?0 .onof#0o onotE~nn .000F+00 ono010 0. 200.

2 a 0nonL+00 . 0 00.0 0 .0001400 . 00 0 .+0 0 (1 100.
2n .0001,00 .000L.00 . 0 0Of1+00 .0001.00 0. 100.

290 .00f.0o .0 0 (E0 0 .0 0Of0 0 .0001,00 0. 100.
Sao oon1400 .00 (+0 0 *0001.00 .000F+00 0. 100.

ASP LtC(I6m-S)a Sob6 CP'S LAC(G'%-3)2 .118

ASP COUNS(CC-11: 377. CPS COUNTS(LII)2 di.

S59 GRAMS Ptk COHIC mLTER a 22. MICRONS OPEDIAN VOLUmETHIC DIAMtlf.R

mETEOHOLO(.Y RFSEAWCH, INL.
AIRCRAFT ICING SUPI'OOT PALIA(;



'ELICUPIL'W ICING SPR~AY SYSTEM It FO$1RW Jli94-IH 31#1

TAPE li I 13
FLIGHT 0 13
STAND0-OFF OlSYANCIL 150 FEET
w4AT~k FLUAv RATE OF 12. GPM
SAMPLE TIME 9 1:2

DIAMETER NUMAgLR(rI-3) NuM6Lw(f0-3tu-1) fAASS(Gm-3) MASS((.1-3u-1) PF~~ CUV P RCENT

3 j4k*" *m)5f*o7 .17bi-03 5BS7F -' 0. 0
b .150t*0q .500fE*09 *170E -01 .5bif-02 2. 2.

.1 *3nL*04 .A+06 'm7t -o1 *i#66f-Q 7. to.
12 .4E 24JQE#06e *b77F~-61 .?2t4 -01 1 n.q

Is *ublE409 .l'l0Itfl . 796F-01 *2b51 -0 1 11.I 3.
is .251t0 +O F3ti *07 .76L-01 .255f -O1 11 . Q2.
21 .1 4id[+8 " A If0 7 .700E-01l .233f-01 in. W

,)a70QEf 4n .3of. n7 . 513F -01 .171f-01 7. 60.
27 .a bt + 4)7 1 5E + 07 .ulbt-tl *l'sk-ol 7. ho.
so .242L*07 480 bL *n .3421-01 I I -0 1 5. 71 .
33 .1b7E+07 .SSSF.0b .314E-01 1 05t -0 5. 7h.

39 .I I QEs # 00 T40*06.O22 *?7 r)oI .744t -02 3.83
Q9 271s(sE+0t2'~bEOb .223E-01 .7lbE-t02 3. b

u , 359E+06. 12 OE *Ob 1I7IL-01 .572f-02 2. lky.
*2900c .28 oI '5~E+05 .3?E -0 1 lb4'L-O? S. 93.

80 *lu9E*05 .37SEO'J .201t-ol loot-02 I. 9b.
100 .PLQlEOs *121E+04 .12et-01 .6311-01 2. 98.
120 *35E*04 .177L#03 .3?IE-02 .160f-03 0. 99.
14(1 .138E#04 b9?E+02 .199E-02 *99ut-ou 0. 'Q9.
lbo .IlQL0.. sQ~3E*O? .250i-02 *127t-ol n. '39.
190 *oontEoo *fAOu.o0 .000E#00 voo 00 0. QQ*
200 .1 S7F*01A *68'4t02 .%73E-02 *26E-P3 I1. 100.
220 oOnOE#00 nooE+OOl DonfE~on *000t 00 0. 100.
240 .000L+00 *OOnE400 .600E400 *OO0i*Q0 n. 100.
260 0Ook+0o *OOOE+001 .000L+00 *O000+00 0. 100.
260 O00qE+00 .nipoE~oo .00ot400 DPOOE+00 0. )no.
300 .000L.00 *OOOE*C10 .0OLO400 *OOOE*O0 0. 100.

ASP LvjC(GM-3): bela CPS I.VYC(G"43): .125

ASP COUNTS(CC.1)m 47.7l CPS COUNIS(LI-1)m '1.

.69 &RAMS Pfk CoHIC METER a 22. MICRONS MfD1AN VOLUMETRIC DIAREIER

METEOROLOGY RESEARCH, INC.
AIRCRAFT ICING SUPPORT PACXAGE



.ILLICIJPTER ICING SPRAY SYSTEM TEST FOR JOH.IH 318

2/11/80
TAPL 0 113
FLIGHT a 13
STANYD-OFF DISTA14CF 150 FEET
6AATEN FLOA kAlt OF 1'4. GP''
SAvPLE TIME Q 9 4

01 IAL TER NdM~ R(M-3) NUMOER (N-30.2 ) MASS (;P-3) MASS((,P-.3U-1 ) k~0 CN PERC ENTCI P&~f

3 t1 E 40 7 *20'iE+07 .0"EO~ *?8Efk.0 41 0.
6 1 S9E*0Q *h ,0$~n I F1-0 I .599E-02 2. 2
9 *3PkE t0 D4 JbQE+Oh .5 6E-02 1l7 5f- 01 b6.9

12 *A29L#08 .27bE+O8 .750f-01 *25()F-01 9.2$
15 4 7 oE + *15 7E+0 t3 .193 1F -c (,I?77t-01 10. 28.
1e *2 FSE + 1 *950f.07 A70F-01 .2901-02 I I .3
21 .1 7nEL.0' *5tL +0 7 .824jF-01 ? 7 5E- 01 10. fig .

2* 719L~ol *?'J0F+07 . 52 0 E- 0 117 3E - ( b1 55.
27 .523E+07 127 at +07 .b391-01 I A 0E-021 7. 62.
30 .291L+07 *9F +06 i - ro 10 .137 -ol S. 67.
33 .216L#07 .721 f+ e) .La0bF-01 .2I35E -01 5. 72.
3t) .124E+07 .u I E + n .3 03E1) 1 .IOIF-01 41. 7,s.
39 .8uqE+06 .2e3E.06 .264E -01 .879E-02 3. 7q.

S? .A17I1,+0 t .272E*06 .317L-01 I n h l- 0 1 £J. 83.
5 .b $.b6E +0 .229f + ob .327E-01 120 9E- 01 4.* 87.

b60 .38E+E0b .19q3 F *0 5 .413tE -0 .221-02 5. Q2.
s0 .12 F1E + 0 .b'J2E+04 .34LE-0 I .172F -0? is. 9h.
100 .?141E+05 .1?IEnu .21 .6311-03 2. Q8,
220 .53?E*OU .?661.03 .U81-0 .2?MIE-03 2. Q8.
IUO .553E41U .2771:+n3 .79SE-02 *398Ff-03 2. 99.
260 .237E*4M .11qL.3 .508E-02 .250E-03 2. 100.
180 nOO01.00 .000L+00 .00o1+00 .000t+00 0. 200.
200 . 00QJ)EO * 0001+00 .000E400 .000F+00 0. 100.
220 .00nt.oo .0001,00 .0o0f.0o .0 0 0 0 0. 100.
240 OnOE1.oO .0001 #00 o000L.0n .000E.00 n. 200.
2b0 .000E+00 . 0 0.0 00 .000E+00 .000F+00 0. 100.
280 . ouOE 00 .00OL400 .000E400 .0001*00 100I o.
300 . 000f.#00 .060F+00 .000E +Or .000E400 0. 100.

ASP LAC(GM.3):- .707 CPS LvYC(Gm-3):- .162

ASP COUNTS(CC-21:- 49q. CPS COUNTS(LI7-1): 5.

.82 GRAMS PER CUBIC METER h) 23. MICRONS MfPIAN. VOLUwETWIC D1A~'ETEk

MLTEOROLOGY kESEARCH# INC.
AIRCR~AFT ICIN4G SUPPOR~T PACKA(,1



HELICOPTER ICING SPRAv SYSTEM TEST FOR JU1-IH 31M

2111180

IAPE i 113
FLIrHT 9 13
SIAND-OFF DISTANCE 150 FLE1
WATEk FLOA RAIL OF 16. GPk
SAMPLE TIME Q q:47

DIAMETER NUJE R(11-3) NUMBER(M-3U-I) WASS((,M3-) MASS(GM-3U-1) PVCENT C1'M PfRC(NT

3 OOOE*0 *OO0E on *000F.00 .000EEoo o o 0o
0 .124L*49 .ul2E+08 .10E-01 .Qm)F-o? 5.
Q 0,07 .?Es o01 -0t 5.

15 tt8 Ib+ol ,52E-01 .2SUE-01 Q. 23.tA .?8 8f n3 yb@F +07 Rp1 I E - 1 90-() I. Q$S .

21 . I07:.t+ 0 .50$L+n? Aobst-0 1 2(kf -0l 71 q .

27 5Q4Lt4 0 .1QqE*0 7 t,)IbE-O1 .2051-01 6. su.
10 .424 +071 13E +07 .605E-01 .202f -01 6. b.

33 .2QIE+07 qtE +06 .!7f-01 .IB2E-01 6. bb.
36 .tI u0 +07 l.UtE + O .SUR -0 1 .1 14E-01 li.70.
39 t, It07 .555E+06 .517TE-t .I7TE-01 5. 7%.
Q2 Q41L*Oo .*lbFob .3bRt -01 .12 3-01 uo 7q.
as .105E*01 .3U9FC0b .4q*F-01 .166F-01 5. 8U
60 uf2E*oo ,241E+0s .bu55-01 .273LE-02 0. 90.
80 QtL*0 .94SE,04 .S0ME-01 .253E-02 5. qs.

)00 .3131.05 .1b7E*0 lt'JIF-01 .#120F-03 2. q7.
120 ,12tE.OS ft?GFCOl .112F-01 5bit-03 1. q8.

*4 QE )a .3 4 hf* 0 3 . 99dE-0? *.497f -3 1 . 99.,
1en .IIQE O 9bq3En2 .254E-n2 *1?7F-03 0. qq.
180 . 27Et*0 *b3sL*02 .38SE-02 .lq*t-03 (. 99.
200 l37L+O4 .b8E02 *,b73L-O2 .286E-03 1. too.
220 OOOE+00 no00Evo .000F+00 .000f00 0. 100.
2ap .0001+00 ,000F+00 .0n00100 0O0(IE.O0 n. 100.
260 .000E+00 .000EO0 .O00E+00 .000t+00 0. 100.
290 .000E+00 .000c+00 .OOEO.0 .O000f00 0. )00.
100 .060*00 .000E (lo .OOO00 .000 +00 0. t0.

ASP LriC(G4-$)z .808 CP5 Lht(GM-3)z .103

ASP COUNT(CCo1)= 44M. CPS CUUNIS(LlI-l): 5.

.9b GRAMS PEw LUMIC METER 2 27. MICRONS MEIIAN VOLUM IRIC DIAM IER

mETEOROL0,Y RLSFAWCH. INC.
AIRCRAFT ICING SUPPOWI PACKAGE



APPENDIX B

NATURAL ICING

Flight #14
Flight #16
Flight #17
Flight #21
Flight #25
Flight #26
Flight #28
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NATURAL ICING ENCOUNTER

01 0/ 0
TAPE 0 123
FLIGHT I 25
SA4PLE TIME 614153

DIAMETER NUMBER(M-3) NUMBER(M-3U-1) MASS(GV-3) MASS(GM-3Uol) PERCENT CUm PERCENT

3 .336E+08 .112E+08 .76E-03 .*5QE-03 0. 0.

6 *Sa7E+08 .182E+08 6IS-02 .206E-02 3. 3.
9 .131E+09 ,437E*08 SOOE-01 I1bTE-0I 24. 27.

12 .121E*09 .01E+08 ItO fO0 .36eE-0I 5. ja.

is ,I&TE08 *625E.07 .33tL-01 .IIOE-01 tb. 97.

18 .48OE+07 ,.95E+06 .453E.02 ..151E.02 2. 99.

21 .309E+06 .103E+06 1SOE-02 500E-03 1. 100.

24 ,OOOE+00 O00E+00 ,OOOfO0 .OOOE+00 0. 20.

27 OOOE+00 OOOE+00 ,000E+00 ,OOOE+00 0. 100.
30 ,OOOE+00 ,OOOE+O0 ,OOOE*00 ,OOOE*0 0. 100.

33 O00E+00 *OOOE+00 ,OOOE+O0 ,OOOE+O0 0. to0.

36 ,O00E+00 *OOOE+00 O00E+OO0 ,OOOE+O 0. 100.
39 ,O0E+OO0 ,OOOE+00 OOE+OO .O0*E+00 0. 100.

42 ,OOOE+00 ,OOOE+00 ,OOOE+OO 000E+00 0. 100.
as OOOE+00 *OOOE+00 OOOE+O0 000E+00 0. 100.

60 ,OOOEO0 ,OOOE+00 OO0OF+O0 OOO+0O0 0. 100.
80 .357[E*4 .178E+03 .956E-03 .08TE-04 0, t00.
100 ,OOOE+00 ,OOOE+00 ,OOOE+0 .O00E+00 0. 100.
120 .OOOE+00 .OOOE#O0 ,OOOE+00 OOOf+O0 0. 100.

1*0 ,O00E+00 ,OOOE+O ,OOOE+00 ,OOfEO0 0. 100.

180 O0Q0E+O0 OOOE00 OOOOE+O O00E+O0 0. 100.

ISO 000E+00 ,QOOE+00 000E0O ,OOOE+00 0. 100.
200 .000E*00 .OOOE+00 .OOOE+00 OOOE+00 0. 100.

220 .OOOE+00 *OOOE+00 .OOOE+O0 *OOOE+OO 0. 100.
24*0 *OOOE+00 .OOOE+00 .OOOE+OO *OOnE+OO 0. 100.
260 .000E+00 .000E#00 .o0oE00 .000E+00 0. 100.

2A0 ,000+00 .OOOE+00 ,O+OO O00E+00 0. 100.

300 .OOOL+00 .OOOE+OO ,000v*00 OOOF#00 0. 100.

ASP LwC(GM-3)c .205 CPS LWC(GM-3)x .002

ASP COUNTS{CC-I): 361. CPS COUNTS(LIT.1)z 0,

.21 GRAMS PER CUBIC 4ETER J 12. MICRONS MEDIAN VOLUMETRIC OIAMETER

METEOROLUGY RESEARCH. INC.

AIRCRAFT ICING SUPPORT PACKAGE
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NATAURAL ICING ENCOUNVTER

0/ 0/ 0
TAPE 0 126
FLIGHT f 28
SAM~PLE TIM4E 15341I55

D14'4ETER NUM4eER(M-3) NUMBER(M.3U-1) MASS(GNm-3) WASS(GM-3U-1) PEPCFNT CiM~ PEIkCLNT

3 .119E+09 .395E*08 *16SE-02 .559E-03 it 1.

6 II1E+09 .569E+08 .193E-01 .0E0 07

9 .221E+09 .737E+08 *RuME-01 .28i1E-01 ab, 33.

12 tt19E+09 .396E#08 *107f400 .358E-01 3a. 67.

i5 *379E#08 .126E#078 .670E-01 823-1 2. 96.
to .813E#07 .271E+07 .248F-01 .82SE-02 8. 900.
21 .264IE+07 .880E#06 .128E-01 *.J?7F-02 100to.

24 .214E+06 .71flE+O5 ISSE-02 *517f-30.1.

27 ,00E+00 *OOO0f#00*OOOEOfl *000E.0O 0. 100.
30 .000E+00 *OOOE*00 *OOOE*00l*0k0 .10

S3 *00.0*OEO OOOE#O0 *00Of0oo 0, lo0.
36 OOOE+0O .000E#00 O0, *oF00.0.

36 *OOOE+00 OOOE+,00 OO0OE+00 *ooor.oo 0. t00,

'45 OOOE+00 *OOOE#00 *OOOE+00 *OOOF+00 0. l00.

1*2 OOO0E00 .00E00 *000E4no *OOOE400 0. 100.

60 .000E+00 *OOOE+00 *O00 .000F+00 0. 100.

80 ,OOOE+00 OOOE0~*0 *O0E+00 *Oonk*no 0. 100).

100 OOOE+00 .000fE#00 .000f#00 .000E#00 0. 100.

1o0 OQOOE+00 OOE0 OOOE4 00o *00E~oo 0. 100.

12*0 .000E+00 *OOOE+00 *OOOE400 *OOOE.00 :0. 100.

160 ,O00E+00 .000E+00 .OO0E400 *OOOE+00 :0. t00.

180 ooE+00 .OOOE+00 *000E+00 .000(+00 0. 1o0.

200 *OOOE+00 .QOOE+00 .000E400 .OOOE*00 0. 1O0.

200OOOE+00 .000E+00 .OOOE#00 *000E+00 0. 100.

23* .OO0E#00 .00OE+00 .000E+00 .000E+06 0. 100.

260 ooo0E00 *oo0E00 .00E 00 .OOO+ 0 . 100.

280 .000E+00 OOOE0E.0 OOO0E+00 :00AE-00 0. 100.

200 ooE+0OOOE.0 00+00 .00f.o0 *OOOE+00 0. 100.

ASP LVOC(G'4-3)2 e319 CPS LWC(GM.3)8 .000

ASP COUNTS(CC-1)c 678. CPS COUNTS(LI171)S 0.

.32 GRAMS PER CUBIC METER 4 12. M1CRUrjS ?AFO1AN V0lLWJETklC 0IA.Tfk

METEOROLOGY RESEAR4CH, INC,
AIRCRAFT ICI!4G SUPPORT PACKAGE
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